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Abstract	  
The	   widespread	   introduction	   of	   enhanced	   recovery	   (ER)	   programmes	   for	   surgical	   patients	   is	  
driven	   by	   the	   need	   to	   improve	   their	   outcomes.	   One	   of	   the	   principles	   of	   ER	   is	   to	   use	   specific	  
perioperative	   measures	   that	   modify	   the	   surgical	   stress	   response.	   	   However,	   the	   impact	   of	   a	  
complete	  enhanced	  recovery	  programme	  (ERP)	  on	  the	  stress	  response	  has	  never	  been	  examined	  
in	  a	  randomised	  controlled	  trial	  (RCT).	  The	  primary	  hypothesis	  of	  this	  study	  was	  that,	  after	  open	  
liver	  resection,	  an	  ERP	  alters	  the	  stress	  response	  compared	  with	  standard	  perioperative	  care.	  
Ninety-­‐one	  patients	   (45	  control;	  46	  ERP)	  were	  enrolled	   in	  an	  RCT.	   	  The	  concentration	  of	  stress	  
response	  markers	  were	  analysed	  in	  perioperative	  blood	  samples,	  i.e.:	  IL-­‐6,	  IL-­‐1β,	  IL-­‐4,	  IL-­‐8,	  IL-­‐10,	  
GM-­‐CSF,	  IFN-­‐γ,	  TNF-­‐α,	  VEGF,	  CRP,	  cortisol,	  insulin	  and	  glucose.	  Samples	  were	  also	  analysed	  in	  24	  
patients	  per	  group	  for	   immunological	   response	  markers;	   i.e.	  white	  cell,	   lymphocyte,	  CD3,	  CD4,	  
CD8,	   CD16,	   CD19,	   CD56,	   HLA-­‐DR	   cell	   counts.	   Patients	   randomised	   to	   the	   treatment	   group	  
received	   a	   comprehensive	   ERP:	   pre-­‐admission	   counselling,	   preoperative	   nutritional	  
supplements,	   preoperative	   oral	   carbohydrate	   loading,	   goal-­‐directed	   fluid	   therapy,	   early	  
postoperative	  feeding	  and	  mobilisation.	  The	  control	  group	  received	  standard	  perioperative	  care.	  
Postoperative	   morbidity	   data	   were	   collected	   for	   all	   patients	   and	   complications	   graded	   for	  
severity.	   	  ERP	  and	  control	  data	   sets	  were	  compared	  by	  ANOVA	  and	  appropriate	  parametric	  or	  
non-­‐parametric	  tests,	  categorical	  values	  were	  tested	  with	  chi-­‐squared	  tests	  
In	  the	  treatment	  group,	  there	  were	  more	  patients	  with	  colorectal	  metastases,	  who	  had	  received	  
preoperative	  chemotherapy	  and	  a	  higher	  P-­‐POSSUM	  operative	  severity	  score,	  otherwise	  groups	  
were	  well-­‐matched.	  There	  was	  no	  significant	  difference	   in	   IL-­‐6,	   IL-­‐1β,	   IL-­‐4,	   IL-­‐8,	   IL-­‐10,	  GM-­‐CSF,	  
IFN-­‐γ,	   TNF-­‐α,	   VEGF	   or	   CRP	   responses	   between	   groups.	   Peak	   serum	   cortisol	   was	   significantly	  
reduced	  and	   serum	   insulin	  was	   significantly	  higher	   in	   the	   treatment	   group.	   The	   incidence	  and	  
severity	   of	   medical	   complications	   were	   significantly	   less	   in	   the	   treatment	   group.	   CD3	   counts	  
were	  significantly	  lower,	  but	  CD19	  counts	  were	  significantly	  higher	  in	  the	  treatment	  group.	  
The	  study	  aimed	  to	  measure	  the	  stress	  response	  following	  liver	  resection	  using	  an	  ERP	  compared	  
with	   standard	   care	   and	   to	   demonstrate	   a	   physiological	   basis	   for	   any	   clinical	   outcomes.	   The	  
significant	   reduction	   of	   postoperative	  morbidity	   with	   an	   ERP	   correlated	   with,	   and	  may	   result	  
from,	  significant	  alterations	  of	  cortisol	  and	   insulin	  responses,	  but	  not	  cytokine	   levels,	   including	  
IL-­‐6.	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   -­‐	  Mixed	  Venous	  Oxygen	  Saturation	  
NAPQI	   	   -­‐	  N-­‐acetyl-­‐p-­‐benzoquinone	  imine	  
NHS	   	   -­‐	  National	  Health	  Service	  
NIBSC	   	   -­‐	  National	  Institute	  for	  Biological	  Standards	  and	  Control	  
NICE	   	   -­‐	  Nation	  Institute	  for	  Health	  and	  Clinical	  Excellence	  
NK	   	   -­‐	  Natural	  Killer	  
NSAID	   	   -­‐	  Non-­‐steroidal	  Anti-­‐inflammatory	  Drug	  
OCP	   	   -­‐	  Oral	  Contraceptive	  Pill	  
OCEBM	   -­‐	  Oxford	  centre	  for	  Evidence-­‐based	  Medicine	  
ODM	   	   -­‐	  Oesophageal	  Doppler	  Monitor	  
OSS	   	   -­‐	  Operative	  Severity	  Score	  
PCA	   	   -­‐	  Patient	  Controlled	  Analgesia	  
POD	   	   -­‐	  Postoperative	  Day	  
POMS	   	   -­‐	  Postoperative	  Morbidity	  Survey	  
PONV	   	   -­‐	  Post-­‐Operative	  Nausea	  and	  Vomiting	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POSSUM	   -­‐	  Physiological	  and	  Operative	  Severity	  Score	  for	  the	  enUmeration	  of	  Mortality	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
and	  morbidity	  	  
P-­‐POSSUM	   -­‐	  Portsmouth	  modification	  of	  POSSUM	  
PT	   	   -­‐	  Prothrombin	  Time	  
PVE	   	   -­‐	  Portal	  Vein	  Embolisation	  
RCT	   	   -­‐	  Randomised	  Controlled	  Trial	  
RPE	   	   -­‐	  R-­‐phycoerythrin	  
RSCH	   	   -­‐	  Royal	  Surrey	  County	  Hospital	  
SGA	   	   -­‐	  Subjective	  Global	  Assessment	  
SpO2	   	   -­‐	  Pulse	  Oximeter	  Oxygen	  Saturation	  
TNF-­‐α	   	   -­‐	  Tumour	  Necrosis	  Factor-­‐α	  
U&E	   	   -­‐	  Urea	  and	  Electrolytes	  
VEGF	   	   -­‐	  Vascular	  Endothelial	  Growth	  Factor	  
VTE	   	   -­‐	  Venous	  Thromboembolism	  
WCC	   	   -­‐	  White	  Cell	  Count
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Introduction	  
1.1 Issues	  in	  major	  surgery	  
There	  are	  numerous	  ways	  of	  defining	  the	  term	  ‘major	  surgery’.	  One	  simple	  definition	  is:	  any	  
surgery	  that	  requires	  the	  administration	  of	  a	  general	  anaesthetic	  or	  respiratory	  assistance.	  
However	  this	  simple	  definition	  fails	   to	  account	   for	  many	  high-­‐risk	  procedures	  that	  may	  be	  
carried	  out	  under	  local	  or	  regional	  anaesthesia,	  for	  example	  limb	  amputations	  or	  caesarean	  
sections.	   Therefore,	   a	   better	   definition	   of	   major	   surgery	   may	   be:	   any	   surgical	   procedure	  
within	   or	   upon	   the	   contents	   of	   the	   abdominal,	   pelvic,	   thoracic	   or	   cranial	   cavities,	   or;	   a	  
procedure	  which,	  given	  the	  locality,	  condition	  of	  the	  patient,	  level	  of	  difficulty,	  or	  length	  of	  
time	  to	  perform,	  constitutes	  a	  hazard	  to	  life	  or	  function	  of	  an	  organ	  or	  tissue.	  	  
Whichever	   of	   these	   definitions	   are	   used,	   major	   surgical	   procedures	   are	   common	   with	   a	  
recently	   estimated	   global	   incidence	  of	   between	  187.2	  million	   and	  281.2	  million	   cases	   per	  
year	   (Weiser	  et	  al,	  2008),	  which	  represents	  approximately	  one	  operation	  for	  every	  twenty	  
five	  human	  beings.	  The	  risk	  of	  complications	  is	  difficult	  to	  compare	  as	  a	  wide	  range	  of	  cases	  
and	   settings	   exists.	   However	   the	   prevalence	   of	   major	   morbidity	   following	   an	   inpatient	  
surgical	   procedure	   has	   been	   estimated	   at	   between	   3	   and	   16%	   in	   industrialized	   countries,	  
with	  a	  perioperative	  mortality	  rate	  of	  between	  0.4	  and	  0.8%	  (Gawande	  et	  al,	  1999;	  Kable	  et	  
al,	   2002).	   It	   is	   likely	   that	   the	  complication	  and	  death	   rates	  are	  much	  higher	   in	  developing	  
countries	  with	   some	   studies	   showing	  mortality	   following	  major	   surgery	  at	  between	  5	  and	  
10%	   (McConkey,	   2002;	   Yii	   and	   Ng,	   2002).	   Even	   a	   conservative	   global	   estimate	   of	   3%	  
morbidity	  and	  0.5%	  mortality	  would	  mean	  that	  approximately	  7	  million	  patients	  each	  year	  
develop	  a	  major	  complication	  following	  surgery,	  from	  which	  1	  million	  patients	  subsequently	  
die.	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Recent	   estimation	   of	   surgical	   activity	   in	   England	   by	   the	   Department	   of	   Health	   suggested	  
approximately	  7	  million	  surgical	  procedures	  are	  performed	  each	  year	  (Health	  and	  Social	  care	  
Information	   Centre	   (HSCIC),	   2012),	   which	   translates	   to	   almost	   one	   procedure	   for	   every	  
seven	   people.	   Of	   these	   approximately	   50%	  were	   day-­‐case	   procedures	   and	   50%	   inpatient	  
surgery.	   In	   addition	   to	   the	   burden	   on	   patients,	   this	   represents	   a	   significant	   burden	   on	  
healthcare	   resources	   and	   public	   finance.	   	   These	   burdens	   are	   increased	   by	   postoperative	  
complications,	  which	  contribute	  to	  both	  short-­‐term	  and	  long-­‐term	  morbidity	  and	  mortality.	  	  
Although	  overall	  annual	  mortality	  rates	  are	  low,	  estimated	  at	  1.9%	  within	  the	  NHS	  (Pearse	  
et	   al,	   2006),	   80%	   of	   postoperative	   deaths	   occur	   within	   a	   subgroup	   of	   high-­‐risk	   patients	  
(Jhanji	   et	   al,	   2008;	   Pearse	   et	   al,	   2006).	   There	   are	   approximately	   170,000	   high-­‐risk	   non-­‐
cardiac	   surgical	   procedures	   carried	   out	   in	   the	   UK	   each	   year,	   following	   which	   100,000	  
patients	   will	   develop	   a	   complication,	   25,000	   of	   whom	   will	   die	   before	   hospital	   discharge	  
(Cullinane	  et	  al,	  2003).	  In	  addition	  to	  this,	  research	  from	  the	  US	  (Khuri	  et	  al,	  2005)	  looking	  at	  
outcomes	  in	  over	  100,000	  patients	  undergoing	  major	  surgery	  showed	  that	  the	  occurrence	  of	  
a	   complication	   within	   the	   first	   30	   days	   postoperatively,	   independent	   of	   the	   patient’s	  
preoperative	  risk,	  reduced	  median	  patient	  survival	  by	  69%.	  	  	  
Evaluating	  an	  individual	  patient’s	  risk	  of	  developing	  a	  postoperative	  complication	  or	  death,	  
and	  effectively	  identifying	  those	  patients	  at	  increased	  risk	  has	  therefore	  been	  the	  focus	  of	  a	  
great	  deal	  of	  work.	  A	  simple	  method	  of	   risk	  stratification	  used	  commonly	   in	   the	  UK	   is	   the	  
American	   Society	   of	   Anesthesiologists	   (ASA)	   physical	   status	   classification	   system	   which	  
assigns	  a	  numerical	  category	  to	  patients	  based	  on	  their	  preoperative	  co-­‐morbidities	  (Table	  
1.1).	   However,	   the	   classification	   system	   is	   subjective	   and	   does	   not	   account	   for	   the	   risks	  
associated	  with	  the	  type	  of	  surgery.	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Table	   1.1	   The	   American	   Society	   Of	   Anesthesiologists	   (ASA)	   physical	   status	   classification	  
system	  
ASA	  physical	  status	  1	   Normal	  healthy	  patient	  
	  
ASA	  physical	  status	  2	  
	  
A	  patient	  with	  mild	  systemic	  disease	  
ASA	  physical	  status	  3	  
	  
A	  patient	  with	  severe	  systemic	  disease	  
ASA	  physical	  status	  4	   A	  patient	  with	  severe	  systemic	  disease	  that	  
is	  a	  constant	  threat	  to	  life	  
ASA	  physical	  status	  5	   A	  moribund	  patient	  who	  is	  not	  expected	  to	  
survive	  without	  the	  operation	  
ASA	  physical	  status	  6	   A	  declared	  brain-­‐dead	  patient	  whose	  organs	  
are	  being	  removed	  for	  donor	  purposes	  
	  
More	   complex	   scoring	   systems	   such	   as	   the	   physiological	   and	   operative	   severity	   score	   for	  
enumeration	  of	  mortality	  and	  morbidity	   (POSSUM)	   (Copeland	  et	  al,	   1991),	  which	   requires	  
twelve	  physiological	  variables;	  age,	  cardiac	  signs,	  respiratory	  signs,	  systolic	  blood	  pressure,	  
pulse	  rate,	  ECG,	  conscious	   level,	   laboratory	  haematology	  and	  biochemistry	  results;	  and	  six	  
operative	   parameters;	   operative	   severity,	   number	   of	   procedures,	   blood	   loss,	   peritoneal	  
soiling,	   malignancy	   and	   whether	   the	   procedure	   was	   elective	   or	   emergency;	   for	   its	  
calculation,	  have	  been	  shown	  to	  be	  of	  limited	  use.	  For	  example,	  it	  has	  been	  demonstrated	  
	  
	  
4	  
that	  POSSUM	  scoring	  may	  over-­‐predict	  mortality	  in	  certain	  patient	  groups	  (Prytherch	  et	  al,	  
1998).	  
Accurate	  evaluation	  of	  a	  perioperative	  risk	  would	  enable	  clinicians	  to	  correctly	  identify	  the	  
high-­‐risk	  groups	  and	  plan	  their	  treatment	  and	  perioperative	  care	  more	  appropriately,	  with	  
the	   goal	   of	   reducing	   postoperative	   complications	   and	   mortality.	   Unfortunately	   a	   robust	  
system	  does	  not	   exist	   at	   present	   and	   achieving	   this	   remains	   one	  of	   the	   key	   challenges	   in	  
perioperative	  care	  (Grocott	  and	  Pearse,	  2010;	  Reilly,	  2008).	  	  
Major	  surgical	  procedures	  represent	  an	  important	  cause	  of	  morbidity	  and	  mortality	  both	  in	  
the	  UK	  and	  globally	  (Weiser	  et	  al,	  2008).	  In	  addition	  to	  this,	  providing	  surgical	  services	  is	  a	  
huge	  burden	  on	  public	   finances	   and	  healthcare	   resources.	   In	   the	  UK,	  with	   the	  population	  
expanding	  and	  life	  expectancy	  increasing,	  the	  surgical	  workload	  is	  likely	  to	  increase.	  This	  will	  
be	   compounded	   by	   the	   fact	   that	   most	   postoperative	   complications	   and	   deaths	   occur	   in	  
older	   patients	   with	   coexisting	   medical	   disease	   (Pearse	   et	   al,	   2006).	   Improving	   surgical	  
outcomes	  by	  reducing	  postoperative	  complications	  and	  mortality	  is	  one	  of	  the	  key	  goals	  in	  
major	  surgery.	  
	  
1.2	   Liver	  resection	  surgery	  
1.2.1 Principles	  and	  challenges	  in	  open	  liver	  resection	  surgery	  
An	  open	   liver	   resection	   is	   a	  major	   surgical	  procedure	  and	  historically	  has	  been	  associated	  
with	   a	   high	   morbidity	   and	   mortality,	   most	   commonly	   caused	   by	   haemorrhage	   or	  
postoperative	   liver	   failure	   (Stümphe	   et	   al,	   2009).	   Over	   the	   last	   thirty	   years	   advances	   in	  
surgical	   and	   anaesthetic	   techniques	   and	  management	   along	  with	   better	   patient	   selection	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have	   produced	   a	   significant	   reduction	   in	   perioperative	   risk.	   Postoperative	   mortality	  
currently	  stands	  at	  approximately	  3%	  (Simmonds	  et	  al,	  2006):	  however,	  morbidity	  remains	  
high,	  15-­‐35%	  (Karanjia	  et	  al,	  2009;	  Nordlinger	  et	  al,	  2008;	  Parikh	  et	  al,	  2003).	  	  
Approximately	   10%	   of	   liver	   resections	   are	   required	   for	   benign	   lesions,	   including	  
hemangiomas,	   focal	   nodular	   hyperplasia	   and	   hepatic	   adenomas.	   Ninety	   percent	   of	   liver	  
resections	  are	  performed	  for	  malignant	  lesions,	  20%	  of	  which	  are	  primary	  malignancies	  and	  
80%	  metastatic	  (Stümphe	  et	  al,	  2009).	  The	  most	  common	  primary	  malignancy	  of	  the	  liver	  is	  
hepatocellular	   carcinoma,	   accounting	   for	   approximately	   80%	   of	   cases.	   The	   second	   most	  
common	  is	  cholangiocarcinoma	  -­‐	  	  cancer	  arising	  from	  the	  bile	  duct.	  	  
By	   far	   the	   most	   common	   indication	   for	   liver	   resection	   is	   for	   the	   removal	   of	   metastatic	  
deposits	   of	   colorectal	   cancer.	   In	   the	   UK	   there	   are	   approximately	   32,000	   new	   cases	   of	  
colorectal	   cancer	   each	   year,	   20-­‐25%	   of	   which	   will	   have	   liver	   metastases	   (Stümphe	   et	   al,	  
2009).	  Those	  with	  no	  evidence	  of	  distant	  spread	  may	  be	  suitable	  for	  liver	  resection	  surgery,	  
which	   in	   the	  UK	   translates	   to	   around	  1600	   liver	   resections	   per	   year	   (Garden	  et	   al,	   2006).	  
Liver	   resection	   surgery	   remains	   the	   only	   potential	   cure	   for	   these	   patients	   and	   when	  
combined	   with	   neoadjuvant	   chemotherapy,	   five	   year	   survival	   can	   be	   as	   high	   as	   46%	  
(Karanjia	  et	  al,	  2009).	  
1.2.2 Anatomy	  and	  physiology	  of	  the	  liver	  
As	   outlined	   above,	   historically	   liver	   resection	  was	   associated	  with	   a	   high	  mortality,	   up	   to	  
20%	   in	   the	   1970’s	   (Stümphe	   et	   al,	   2009).	   The	   principal	   causes	   of	   this	   were	   massive	  
haemorrhage	  and	  postoperative	  hepatic	  insufficiency,	  which	  are	  directly	  related	  to	  the	  fact	  
that	  the	  liver	  is	  both	  highly	  vascular	  and	  metabolically	  very	  active	  performing	  a	  number	  of	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vital	  physiological	  functions.	  The	  marked	  reduction	  in	  mortality	  over	  recent	  years	  has	  come	  
about	  in	  part	  due	  to	  a	  better	  understanding	  of	  the	  anatomy	  and	  physiology	  of	  the	  liver.	  
	  
The	  liver	  has	  a	  rich	  blood	  supply	  receiving	  approximately	  30%	  of	  resting	  cardiac	  output	  (1.5	  
lites.min-­‐1).	  Twenty	  percent	  of	  the	  blood	  flow	  comes	  directly	  from	  the	  systemic	  circulation	  
via	   the	  hepatic	  artery:	   the	  remaining	  80%	  comes	   from	  the	  portal	  vein	  which	  carries	  blood	  
draining	  from	  the	  intestines.	  The	  majority	  of	  venous	  drainage	  is	  by	  three	  hepatic	  veins	  which	  
join	  the	  inferior	  vena	  cava.	  	  
The	  liver	  is	  a	  large	  organ	  weighing	  1200-­‐1600g	  and	  situated	  in	  the	  right	  upper	  abdomen.	  It	  
may	  be	  divided	  either	  based	  on	   its	   surface	  anatomy	  or	  via	   functional	   segments.	  From	  the	  
surface	   features,	   there	   are	   four	   lobes	   divided	   by	   fissures;	   the	   right	   and	   left	   lobes	   are	  
anterior	  with	   the	   smaller	   caudate	   and	   quadrate	   lobes	   posterior.	   There	   are	   five	   ligaments	  
connecting	   the	   liver	   to	   the	   diaphragm	   and	   the	   abdominal	   wall,	   the	   falciform	   (which	   also	  
divides	  the	  right	  and	  left	  lobes),	  the	  coronary,	  the	  right	  triangular,	  the	  left	  triangular	  and	  the	  
round	  ligaments	  
In	   the	   context	  of	   surgical	   resection,	   it	   is	   better	   to	  divide	   the	   liver	   into	   its	   eight	   functional	  
segments	  as	   it	  has	  been	  established	   that	   segmental	   resections	  offer	   the	   same	  benefits	   as	  
classic	  lobar	  resections	  with	  less	  risk	  than	  is	  associated	  with	  the	  removal	  of	  a	  large	  volume	  
of	   functional	   liver	   tissue	   (Billingsley	   et	   al,	   1998;	   Scheele	   and	   Stangl,	   1994).	   There	   are	  
matching	  divisions	  of	  portal	  vein,	  hepatic	  artery	  and	  bile	  duct	  supplying	  each	  segment.	  This	  
means	  that	  adjacent	  segments	  can	  be	  resected	  without	  disrupting	  the	  blood	  supply	  to	  the	  
neighbouring	   ones.	   Bile	   produced	   by	   the	   liver	   from	   the	   breakdown	   of	   haemoglobin	   is	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collected	  in	  bile	  canaliculi	  which	  merge	  to	  form	  bile	  ducts.	  These	  drain	  into	  the	  left	  and	  right	  
hepatic	  ducts	  which	  then	  join	  to	  form	  the	  common	  hepatic	  duct.	  
The	   metabolic	   functions	   of	   the	   liver	   include	   carbohydrate	   and	   lipid	   metabolism,	   protein	  
synthesis	  including	  coagulation	  factors	  and	  plasma	  proteins	  and	  the	  metabolism	  of	  various	  
drugs.	  It	  also	  plays	  an	  important	  role	  in	  immune	  function,	  endocrine	  function	  and	  is	  a	  site	  of	  
storage	   for	   many	   essential	   substances	   such	   as	   vitamins	   and	   iron.	   Postoperative	   hepatic	  
insufficiency/failure	   occurs	   when	   there	   is	   inadequate	   functional	   liver	   tissue	   remaining	  
following	   resection.	   However,	   despite	   its	   complexity	   the	   liver	   is	   very	   resilient	   and	   can	  
maintain	  adequate	   function	  with	  up	  to	  two	  thirds	  of	   its	  mass	  removed.	   In	  addition	  to	  this	  
the	  liver	  is	  able	  to	  regenerate	  following	  resection.	  This	  phenomenon	  occurs	  via	  hyperplasia	  
of	  the	  remnant	  cells	  and	  means	  that	  more	  extensive	  resections	  are	  possible	  if	  conducted	  in	  
stages.	  	  
1.2.3 Patient	  selection	  for	  liver	  resection	  surgery	  
Another	  element	   responsible	   for	  decreased	  mortality	   following	   liver	   resection	   is	   improved	  
preoperative	   management	   and	   patient	   selection	   (Belghiti	   et	   al,	   2000).	   Preoperative	  
assessment	  of	  the	  patient	  will	  depend	  on	  the	  individual’s	  general	  health	  and	  pre-­‐existing	  co-­‐
morbidities.	   Patients	   in	   good	   health	   require	   only	   a	   routine	   preoperative	   assessment,	  
including	  full	  blood	  count,	  urea	  and	  electrolytes	  and	  clotting	  screen	  (Redai	  et	  al	  2004).	  The	  
majority	   of	   patients	   requiring	   liver	   resection	   are	   over	   50	   years,	   often	   with	   other	   co-­‐
morbidities.	  Particular	   focus	   should	  be	  made	   to	  assessment	  of	   their	   cardiopulmonary	  and	  
liver	   function.	  This	  becomes	  even	  more	   relevant	   in	   the	  context	  of	   resection	   for	  malignant	  
disease,	  as	  patients	  will	  often	  have	  had	  chemotherapy	  which	  can	  have	  a	  detrimental	  effect	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on	   both	   their	   preoperative	   liver	   function	   and	   overall	   functional	   status/cardiovascular	  
reserve.	  
Routine	   liver	   resection	   surgery	   presents	   a	   significant	   haemodynamic	   challenge	   to	   the	  
individual	   which	   is	   poorly	   tolerated	   in	   those	   with	   marginal	   or	   unstable	   cardiac	   status.	  
Extensive	   liver	   resections	   however,	   require	   the	   patient	   to	   have	   unrestricted	  
cardiopulmonary	   function.	   There	   are	   multiple	   methods	   of	   assessing	   cardiopulmonary	  
function	  including	  stress	  echocardiography,	  pulmonary	  function	  tests	  and	  arterial	  blood	  gas	  
analysis	   but	   currently	   there	   is	   no	   single	   method	   that	   can	   accurately	   predict	   risk.	  
Cardiopulmonary	   exercise	   testing	   is	   being	   more	   commonly	   used	   to	   assess	   the	   patient’s	  
functional	   reserve	   prior	   to	   surgery	   (Raobaikady	   et	   al,	   2007).	   This	   has	   been	   validated	   for	  
stratifying	  risk	  in	  intra-­‐abdominal	  surgery	  (Colson	  et	  al,	  2012;	  Older	  et	  al,	  1999;	  Snowden	  et	  
al,	  2010)	  but	  further	  research	  to	  demonstrate	  its	  usefulness	  in	  liver	  resection	  is	  required.	  
Liver	   function	  may	  be	   impaired	   in	  patients	   requiring	   resection	  and	   it	   is	  essential	   to	  assess	  
this	  prior	  to	  surgery.	  Patients	  with	  compromised	  hepatic	  synthetic	  function	  are	  at	  increased	  
risk	   of	   complications	   following	   all	   types	   of	   surgery	   and	   operative	   risk	   correlates	  with	   the	  
severity	  of	  the	  underlying	  liver	  disease	  and	  the	  nature	  of	  the	  surgical	  procedure	  (Friedman	  
2010).	  This	  risk	  is	  amplified	  in	  patients	  having	  liver	  resection	  as,	  in	  addition	  to	  impaired	  liver	  
function,	   there	   will	   be	   a	   smaller	   volume	   of	   functioning	   liver	   parenchyma	   following	  
completion	   of	   the	   surgery	   predisposing	   them	   to	   developing	   post-­‐resection	   liver	   failure	  
(Table	  1.2).	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Table	  1.2	  Risk	  factors	  for	  post-­‐resection	  liver	  failure	  (Hammond	  et	  al,	  2011)	  
Operative	  Factors	   Patient	  Factors	  
Extent	  of	  resection	  (>	  4	  segments)	   Parenchymal	  disease:	  cirrhosis,	  non-­‐
alcoholic	  fatty	  liver	  disease,	  chemotherapy-­‐
induced	  liver	  injury	  (steatohepatitis	  and	  
sinusoidal	  injury)	  and	  cholestasis	  
Use	  of	  intraoperative	  vascular	  occlusive	  
techniques	  
Age	  >	  65	  yrs	  
Ex	  vivo	  hepatic	  resection	  and	  re-­‐
implantation	  
Diabetes	  mellitus	  
Excessive	  blood	  loss	  and	  transfusion	   Malnutrition	  
Vascular	  or	  biliary	  reconstruction	   Male	  sex	  
	  
There	  are	  a	  number	  of	   liver-­‐related	  contraindications	  to	  elective	  surgery	   (Friedman	  2010);	  
acute	   liver	   failure;	   acute	   renal	   failure;	   acute	   viral	   hepatitis;	   alcoholic	   hepatitis;	  
cardiomyopathy;	   hypoxaemia;	   severe	   coagulopathy	   (despite	   treatment).	   In	   patients	   with	  
liver	   disease	   without	   these	   conditions,	   the	   severity	   of	   hepatic	   impairment	   needs	   to	   be	  
assessed.	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Since	  the	  1970s	  the	  standard	  for	  assessing	  perioperative	  morbidity	  and	  mortality	  in	  patients	  
with	   cirrhosis	   has	   been	   the	   Child-­‐Turcotte-­‐Pugh	   scoring	   system	   (or	   Child	   class:	   Pugh	   et	   al	  
1973)	  which	  is	  based	  on	  the	  serum	  bilirubin	  and	  albumin	  levels,	  prothrombin	  time	  (or	  INR),	  
and	   severity	   of	   encephalopathy	   and	   ascites	   (Table	   1.3	   and	   Table	   1.4).	   In	   patients	   with	  
cirrhosis	  but	  no	  functional	  impairment	  (Child	  class	  A),	  resection	  of	  up	  to	  50%	  (≤4	  segments)	  
may	  be	  safe	  (Hammond	  et	  al,	  2011).	  Patients	  in	  Child	  class	  B	  or	  C	  have	  a	  high	  mortality	  for	  
all	   surgeries	   (Friedman,	  2010)	  and	  even	  a	  small	   liver	  resection	  can	  result	   in	  post-­‐resection	  
liver	  failure.	  
Table	  1.3	  Child-­‐Turcotte-­‐Pugh	  scoring	  system.	  
Measure	   1	  point	   2	  points	   3	  points	  
Total	  bilirubin	  
(μmol.L-­‐1)	  
<34	   34	  -­‐	  50	   >50	  
Serum	  albumin	  	  	  	  
(g.L-­‐1)	  
>35	   28	  -­‐	  35	   <28	  
INR	   <1.7	   1.7	  –	  2.3	   >2.3	  
Ascites	   None	   Small	  or	  diuretic-­‐
controlled	  
Tense	  
Hepatic	  
encephalopathy	  
None	   Grade	  I	  -­‐	  II	   Grade	  III	  –	  IV	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Table	  1.4	  Child	  class.	  
Points	   Class	  
5	  –	  6	   A	  
7	  –	  9	   B	  
10	  –	  15	   C	  
	  
Other	  methods	  of	  stratification	  have	  also	  been	  tried,	  for	  example,	  the	  model	  for	  end-­‐stage	  
liver	   disease	   (MELD)	   scoring	   (originally	   developed	   for	   predicting	   mortality	   following	  
transjugular	   intrahepatic	   portosystemic	   shunt	   (Malinchoc	   et	   al,	   2000))	   and	  more	   recently	  
Breitenstein	   and	   colleagues	   have	   developed	   a	   preoperative	   scoring	   system	   for	   predicting	  
complications	  after	  liver	  resection	  in	  non-­‐cirrhotic	  patients	  based	  on	  four	  parameters	  –	  ASA	  
grade,	   serum	   AST	   level,	   size	   of	   liver	   resection	   (<3	   vs	   ≥3	   segments)	   and	   the	   need	   for	  
extrahepatic	   procedures	   (Breitenstein	   et	   al,	   2010).	   However	   there	   is	   currently	   no	   single	  
factor	   or	   test	   that	   can	   reliably	   predict	   postoperative	   liver	   dysfunction;	   therefore	   a	  
combination	  of	  laboratory	  and	  radiological	  investigations	  together	  with	  surgical	  judgement	  
must	  ultimately	  be	  used.	  
1.2.4 Anaesthesia	  for	  liver	  resection	  surgery	  
All	   patients	   require	   general	   anaesthesia	   with	   endotracheal	   intubation	   and	   controlled	  
ventilation	  as	  standard.	  Patients	  with	  liver	  failure	  may	  have	  a	  larger	  volume	  of	  distribution	  
for	  induction	  agents	  but	  their	  impaired	  hepatic	  metabolism	  ameliorates	  this	  effect	  and	  the	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doses	   of	   induction	   agent	   remain	   essentially	   the	   same	   (Servin	   et	   al,	   1988).	   Inhalational	  
agents	  are	  more	  commonly	  used	  for	  maintenance,	  as	  they	  decrease	   liver	  blood	  flow	  more	  
than	   intravenous	   agents,	   helping	   to	   reduce	   the	   risk	   of	   bleeding.	   Isoflurane	   is	   the	   most	  
commonly	   used	   of	   the	   inhalational	   agents.	   Sevoflurane	   has	   been	   shown	   to	   reduce	   the	  
increase	   in	   postoperative	   liver	   enzyme	   levels,	   although	   the	   clinical	   significance	   of	   this	  
remains	   unknown	   (Nishiyama	   et	   al	   2004).	   The	   traditional	   approach	   to	   neuromuscular	  
blockade	   has	   been	   to	   use	   agents	   that	   do	   not	   depend	   on	   hepatic	   metabolism	   (e.g.	  
atracurium/cisatracurium),	   however	   both	   rocuronium	   and	   vecuronium	   (which	   are	  
hepatically	  metabolised)	  are	  commonly	  used	  in	  practice	  (Stümphe	  et	  al,	  2009).	  	  
There	  is	  the	  potential	  for	  massive	  intraoperative	  haemorrhage	  during	  liver	  resection	  and	  the	  
anaesthetic	   technique	  must	  make	  provisions	  both	   for	  minimising	   the	  risk	  of	   this	  occurring	  
and	  treating	  it	  should	  it	  arise.	  Large	  bore	  venous	  access	  must	  be	  secured	  and	  in	  addition	  to	  
basic	  monitoring	  invasive	  arterial	  and	  central	  venous	  pressure	  monitoring	  allows	  for	  closer	  
haemodynamic	   control	   and	   blood	   gas	   analysis.	   Patients	  with	   cardiac	   disease	  may	   benefit	  
from	   cardiac	   output	   monitoring	   such	   as	   the	   oesophageal	   doppler	   (Deltex	   medical,	  
Chichester,	  UK)	  or	  pulse	  contour	  analysis	  monitors	  such	  as	  LiDCOrapid®	   (Lidco,	  Cambridge,	  
UK)	   or	   PICCO®	   (Philips,	  UK).	   These	  may	   be	   especially	   useful	   to	  monitor	   the	   cardiovascular	  
changes	  associated	  with	  Pringle’s	  manoeuvre	  and	  also	  guide	  intravenous	  fluid	  replacement	  
once	  the	  resection	  is	  completed.	  	  
During	   resection	   of	   liver	   parenchyma	   the	   main	   source	   of	   bleeding	   is	   from	   the	   valveless	  
hepatic	  veins.	  Hepatic	  venous	  pressure	  is	  dependent	  on	  central	  venous	  pressure	  (CVP)	  and	  it	  
has	  been	  demonstrated	  that	  by	  maintaining	  a	  low	  intraoperative	  CVP	  it	  is	  possible	  to	  reduce	  
blood	  loss	  (Johnson	  et	  al,	  1998;	  Jones	  et	  al,	  1998).	  Jones	  and	  colleagues	  reported	  that	  the	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average	  blood	  loss	  was	  200	  ml	  if	  CVP	  was	  <6	  cm	  H2O,	  but	  1000	  ml	  if	  CVP	  was	  >6	  cm	  H2O.	  	  In	  
addition	  the	  transfusion	  rate	  increased	  from	  5%	  to	  48%.	  Techniques	  used	  to	  maintain	  a	  low	  
CVP	   can	   include;	   placing	   the	   patient	   in	   the	   reverse-­‐trendelenburg	   position	   (head-­‐up);	  
avoidance	   of	   positive	   end-­‐expiratory	   pressure	   (PEEP);	   minimal	   intraoperative	   fluid	  
administration;	   use	   of	   diuretic	   agents	   e.g.	   furosemide;	   use	   of	   vasodilators	   e.g.	   glyceryl	  
trinitrate	   (GTN);	   use	   of	   epidural	   analgesia	   (Stümphe	   et	   al,	   2009).	   However,	  maintaining	   a	  
low	   CVP	   exposes	   the	   patient	   to	   hypovolaemia	   and	   the	   potential	   for	   inadequate	   organ	  
perfusion	  with	  subsequent	  dysfunction.	  There	  is	  also	  the	  low,	  but	  potentially	  serious	  risk	  of	  
air	  embolism	  with	  air	  being	  entrained	  into	  the	  hepatic	  venules:	  estimated	  incidence	  of	  0.1%	  
in	  one	  study	  (Allen	  &	  Jarnagin,	  2003).	   	  Some	  studies	  report	  a	  3%	  risk	  of	  permanent	  kidney	  
dysfunction	  following	  major	  liver	  resection	  using	  a	  low	  CVP	  technique	  (Lentschener	  &	  Ozier,	  
2002).	  However,	  a	   retrospective	  analysis	  of	  496	  patients	   in	  1998	  did	  not	   find	  any	  cases	  of	  
renal	   failure	   directly	   attributable	   to	   this	   approach	   (Melendez	   et	   al,	   1998).	   Patients	   with	  
preoperative	  cirrhosis	  tolerate	  a	  reduction	  in	  renal	  perfusion	  pressure	  poorly	  and	  extra	  care	  
must	  be	  taken	  to	  maintain	  perfusion	  pressure	  in	  order	  to	  preserve	  renal	  function	  (Redai	  et	  
al,	  2004).	  	  
Not	  all	  centres	  use	  a	  low	  CVP	  technique	  and	  there	  have	  been	  studies	  that	  have	  reported	  low	  
mean	  blood	  loss	  independent	  of	  CVP.	  A	  review	  of	  30	  living	  donors	  who	  underwent	  a	  right	  or	  
left	  hemi-­‐hepatectomy	  for	  transplantation,	  reported	  a	  mean	  blood	  loss	  of	  72±58.9	  ml	  with	  a	  
mean	  CVP	  of	  7±2	  cmH2O	  (Chen	  et	  al,	  2000).	  Maintaining	  a	  low	  CVP	  may	  be	  desirable	  but	  it	  is	  
not	   essential	   to	   reduce	   intraoperative	   bleeding,	   meticulous	   surgical	   technique	   is	   equally	  
important.	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1.2.5 Surgical	  techniques	  to	  reduce	  intraoperative	  blood	  loss	  
The	  vast	  majority	  of	   liver	  resections	  are	  performed	  using	  an	   ‘open’	  approach	  via	  an	  upper	  
abdominal,	  transverse	  incision,	  often	  extended	  cranially	  in	  the	  midline	  as	  a	  ‘mercedes-­‐benz’	  
incision.	   This	   affords	   good	   access	   to	   all	   eight	   liver	   segments	   as	   well	   as	   the	   posteriorly	  
located	  hepatic	   veins	  and	   the	   inferior	   vena	  cava.	   Laparoscopic	   liver	   resection	   is	  becoming	  
increasingly	   common	   for	   single,	   peripherally	   located	   lesions	   requiring	   segmentectomy	   or	  
wedge	   excisions	  with	   the	  National	   Institute	   for	   Health	   and	   Clinical	   Excellence	   (NICE)	   (UK)	  
issuing	   guidelines	   in	   2005	   recognising	   the	   role	   of	   laparoscopic	   surgery	   for	   solitary	   liver	  
metastasis	   from	   a	   colorectal	   cancer	   or	   an	   hepatocellular	   carcinoma,	   and	   for	   benign	   liver	  
tumours	  or	  cysts	  (NICE	  2005).	  Larger	  resections	  have	  been	  successfully	  performed	  without	  
effecting	  operative	  morbidity	  and	  mortality	  or	  histological	  resection	  margins	  (Ito	  et	  al,	  2009;	  
Rowe	  et	   al,	   2009)	   and	   it	   has	   been	   suggested	   that	   blood	   loss,	   analgesic	   requirements	   and	  
postoperative	   length	   of	   hospital	   stay	   may	   also	   be	   reduced	   following	   laparoscopic	   liver	  
resection	   (Carswell	   et	   al,	   2009),	   however	   the	   role	   of	   laparoscopic	   liver	   resection	   remains	  
limited	  at	  present.	  
A	   well-­‐established	   surgical	   technique	   for	   reducing	   intraoperative	   blood	   loss	   is	   Pringle’s	  
manoeuvre,	   which	   involves	   occlusion	   of	   the	   hepatic	   artery	   and	   portal	   vein	   inflow.	   This	  
effectively	  limits	  blood	  flowing	  into	  the	  liver	  with	  the	  result	  that	  bleeding	  will	  principally	  be	  
a	  result	  of	  hepatic	  venous	  pressure	  –	  which	  itself	  can	  be	  limited	  by	  maintaining	  a	  low	  CVP.	  
The	  disadvantage	  of	  this	  technique	  is	  the	  potential	  to	  cause	  significant	  liver	  ischaemia	  and	  a	  
subsequent	   hepatic	   reperfusion	   injury	   leading	   to	   postoperative	   hepatic	   insufficiency	   and	  
failure.	   For	   this	   reason,	  Pringle’s	  manoeuvre	   is	  now	  used	   significantly	   less	   than	  previously	  
(Lordan	  et	  al,	  2009)	  and	  applied	  intermittently	  for	  not	  longer	  than	  45	  minutes	  in	  total	  during	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surgery	  (Sugiyama	  et	  al	  2010).	  In	  practice,	  the	  manoeuvre	  is	  usually	  employed	  in	  a	  minority	  
of	  cases	  and	  for	  brief	  periods	  only	  when	  bleeding	  is	  difficult	  to	  control	  during	  resection.	  
In	   large	   anatomical	   resections	   such	   as	   a	   right	   or	   left	   hemihepatectomy,	   inflow	   to	   the	  
remnant	   liver	   usually	   remains	   undisturbed	   whilst	   the	   portal	   vein	   and	   hepatic	   artery	  
supplying	   the	   segment	   to	  be	   removed	  are	  divided	  extra-­‐hepatically	   or	   intra-­‐hepatically	   to	  
prevent	   inflow.	   This	  may	   be	   done	   by	   suturing	   the	   portal	   vein	   or	   hepatic	   artery,	   although	  
automated	  stapling	  devices	  are	  increasingly	  popular	  and	  reliable,	  offering	  rapid	  division	  and	  
haemostasis	   (Primrose	   2010).	   They	  may	   also	   be	   used	   for	   early	   division	   of	   the	   posteriorly	  
located	   hepatic	   veins,	   thereby	   isolating	   the	   section	   to	   be	   removed,	   providing	   a	   bloodless	  
operating	   field.	   The	   relative	   absence	   of	   blood	   supply	   crossover	   between	   anatomically	  
distinct	   lobes	   means	   that	   remnant	   liver	   maintains	   a	   healthy	   blood	   supply	   during	   the	  
resection.	   A	   further	   advantage	   of	   this	   technique	   is	   that	   a	   line	   of	   demarcation	   appears	  
between	  healthy	  and	  inflow-­‐occluded	  liver,	  allowing	  more	  accurate	  resection.	  
The	  use	  of	  the	  ultrasound	  aspirator	  for	  liver	  parenchymal	  dissection	  has	  largely	  superseded	  
‘finger-­‐fracture’	   dissection	   of	   liver	   tissue	   with	   dramatic	   reductions	   in	   blood	   loss.	   This	  
instrument	  uses	  ultrasound	  at	  approximately	  25	  kHz	  in	  order	  to	  destroy	  liver	  parenchyma,	  
but	   lacks	   the	   power	   to	   damage	   vascular	   structures	   and	   bile	   ducts	   which	   are	   preserved	  
during	   division	   (Abbasoglu	   &	   Sayek,	   2003).	   These	   vessels	   and	   ducts	   can	   then	   be	   ligated,	  
stapled	  in	  the	  case	  of	  large	  vessels,	  or	  sealed	  with	  clips.	  
The	  ultrasonic	  scalpel	   is	  a	  newer	  technique	  that	  uses	  ultrasound	  at	  a	  higher	  frequency	  (55	  
kHz)	   to	   both	   cut	   and	   coagulate	   tissues,	   eliminating	   the	   need	   for	   ligation	   or	   clipping	   of	  
vessels.	  It	  has	  been	  shown	  to	  be	  safe	  in	  liver	  resection,	  although	  further	  prospective	  work	  is	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required	  to	  establish	  its	  efficacy	  when	  compared	  with	  the	  ultrasonic	  aspirator	  (Abbasoglu	  &	  
Sayek,	  2003).	  
Argon	  laser	  coagulation	  during	  parenchymal	  division	  is	  also	  used	  to	  seal	  blood	  vessels.	  It	  has	  
the	   advantage	   that	   its	   inert	   nature	   allows	   a	   high	   temperature	   argon-­‐gas	   plasma	   to	   be	  
delivered	  to	  tissues	  resulting	  in	  effective	  haemostasis,	  but	  without	  causing	  charring	  such	  as	  
occurs	  with	  conventional	  diathermy	  (Primrose	  2010).	  
Additional	   haemostasis	   may	   be	   provided	   by	   the	   application	   of	   adjunctive	   haemostatic	  
agents	   to	   the	   cut	   surface	   of	   the	   liver	   following	   division.	   These	  may	   contain	   granules	   of	   a	  
gelatine	   matrix	   that	   swell	   on	   contact	   with	   blood	   as	   well	   as	   thrombin,	   which	   promotes	  
coagulation	  (Izzo	  et	  al,	  2008).	  	  
1.2.6 Postoperative	  considerations	  
The	  majority	   of	   patients	   are	   extubated	   at	   the	   end	  of	   surgery	   and	   transferred	   to	   a	   critical	  
care	  ward.	  Although	  mortality	  is	  low,	  morbidity	  rates	  remain	  high	  and	  the	  patient	  should	  be	  
carefully	  monitored.	  
Adequate	   postoperative	   analgesia	   is	   a	   fundamental	   element	   of	   patient	   care.	   In	   liver	  
resection	   surgery	   there	   are	   two	  main	  ways	  of	   achieving	   this:	   a	   thoracic	   epidural	   provides	  
excellent	  analgesia	  without	  the	  respiratory	  depression,	  hallucinations,	  nausea	  and	  vomiting	  
associated	  with	  opioids	  (Rigg	  et	  al,	  2003)	  whereas	  intravenous	  opiates	  via	  patient	  controlled	  
analgesia	   (PCA)	  provide	  analgesia	  without	  the	  risks	  associated	  with	  epidural	   insertion.	  The	  
choice	  of	  analgesic	   technique	   represents	  a	  dilemma	  as	   the	  coagulation	  abnormalities	   that	  
commonly	   occur	   following	   liver	   resection	   surgery	   may	   increase	   the	   risk	   of	   epidural	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haematoma	  formation	  with	  that	  technique,	  whereas	  the	  impaired	  hepatic	  metabolism	  that	  
follows	  liver	  resection	  can	  increase	  the	  incidence	  of	  opiate	  toxicity	  with	  PCA.	  
Given	  the	  measurable	  increase	  in	  prothrombin	  time	  (PT)	  and	  decrease	  in	  platelet	  count	  that	  
follows	   liver	   resection,	   some	   authors	   advocate	   the	   avoidance	   of	   using	   epidural	   catheters	  
(Redai	  et	  al,	  2004).	  Matot	  et	  al	  (2002)	  looked	  at	  136	  patients	  undergoing	  liver	  resection	  and	  
found	   that	   9%	   of	   subjects	   had	   postoperative	   coagulation	   disorders	   necessitating	   the	  
epidural	   catheter	   remain	   in	   situ	   for	   7	   days.	   The	   extent	   and	   duration	   of	   coagulation	  
impairment	  correlated	  to	  the	  size	  of	  the	  resection.	  Of	  patients	  having	  a	  minor	  hepatectomy	  
(1	  or	  2	  segments),	  1.4%	  had	  an	  INR>1.3	  on	  day	  5	  postoperatively,	  whereas	  those	  having	  a	  
major	   hepatectomy	   (3	   or	   more	   segments)	   12%	   had	   an	   INR>1.3	   on	   day	   5.	   The	   authors	  
concluded	  that	  it	  is	  relatively	  safe	  to	  use	  continuous	  epidural	  analgesia	  in	  these	  patients.	  No	  
patients	  in	  their	  study	  developed	  an	  epidural	  haematoma,	  and	  the	  extremely	  low	  incidence	  
of	  this	  complication	  makes	  its	  relative	  risk	  difficult	  to	  establish.	  If	  epidural	  analgesia	  is	  used	  
following	   liver	   resection	   surgery	   then	   coagulation	   profiles	   should	   be	   carefully	  monitored,	  
especially	  in	  those	  having	  more	  extensive	  resection	  or	  with	  pre-­‐existing	  hepatic	  dysfunction.	  
In	   some	   cases	   it	   may	   be	   necessary	   to	   delay	   removal	   of	   the	   catheter	   or	   transfuse	   blood	  
products	  prior	  to	  removal	  (Matot	  et	  al,	  2002).	  
Other	   modes	   of	   analgesia	   include	   the	   use	   of	   intrathecal	   morphine	   (Koea	   et	   al,	   2009),	  
intrapleural	  analgesia,	  or	  thoracic	  paravertebral	  block	  as	  adjuncts	  to	  PCA	  (Redai	  et	  al,	  2004;	  
Stümphe	   et	   al,	   2009).	   Approximately	   30%	   of	   patients	   experience	   right	   shoulder	   pain	  
postoperatively	   which	   requires	   additional	   analgesia.	   Paracetamol,	   which	   produces	   the	  
hepatotoxic	   metabolite	   N-­‐acetyl-­‐p-­‐benzoquinone	   imine	   (NAPQI)	   when	   administered	   in	  
supra-­‐therapeutic	   doses,	   appears	   to	   be	   safe.	   However	   there	   is	   evidence	   that	   the	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metabolism	   of	   paracetamol	   is	   reduced	   following	   liver	   resection,	   particularly	   where	  
intraoperative	   vaso-­‐occlusive	   techniques	   have	   been	   employed	   (Galinski	   et	   2006)	   and	   it	  
perhaps	   safer	   to	   reduce	   the	   dose	   or	   avoid	   its	   use	   altogether	   where	   extensive/complex	  
resections	  have	  been	  performed	  (Stümphe	  et	  al,	  2009).	  	  
Appropriate	  postoperative	  intravenous	  fluid	  replacement	  is	  another	  area	  of	  consideration	  as	  
patients	  may	  be	  hypovolaemic	  following	  surgery,	  especially	  where	  there	  has	  been	  significant	  
blood	  loss	  or	  a	  low	  CVP	  technique	  has	  been	  adopted.	  At	  the	  same	  time	  50%	  of	  patients	  will	  
develop	  a	  significant	  but	  self-­‐limiting	  ascites	  within	  the	  first	  48hrs,	  which	  will	  contribute	  to	  
hypovolaemia	  (Ishizawa	  et	  al,	  2009;	  Lentschener	  &	  Ozier,	  2002).	  
Management	   of	   postoperative	   liver	   failure	   is	   difficult	   and	   may	   justify	   more	   specialised	  
management.	   Hypoglycaemia	   caused	   by	   impaired	  mobilisation	   of	   glucose	   is	   a	   concern	   in	  
high-­‐risk	  patients	  or	   large	   resections	  and	  may	  require	  glucose	   infusion.	  Sodium	  and	  water	  
retention	  causing	  oedema	  is	  also	  common	  due	  to	  secondary	  hyperaldosteronism.	  This	  may	  
require	  restriction	  of	  sodium	  and	  water	  intake	  alongside	  treatment	  with	  diuretics.	  	  
Other	  intensive	  therapy	  includes	  peptic	  ulcer	  prophylaxis	  with	  a	  proton	  pump	  inhibitor	  and	  
regular	   enteral	   lactulose	   to	   prevent	   gut	   stasis	   which	   is	   known	   to	   contribute	   to	  
encephalopathy.	   Some	   centres	   also	   use	   N-­‐acetylcysteine	   to	   help	   prevent	   liver	   failure	  
although	  there	  is	  currently	  little	  evidence	  to	  support	  its	  use	  in	  the	  context	  of	  liver	  resection	  
(Jegatheeswaran	  &	  Siriwardena,	  2011).	  Encephalopathy	  should	  be	  considered	  in	  any	  patient	  
with	  deteriorating	  liver	  function	  and	  neurological	  symptoms.	  Treatment	  of	  encephalopathy	  
includes	   cardiovascular	   optimization	   and	   may	   require	   invasive	   ventilation	   to	   protect	   the	  
airway	  and	  ensure	  compliance	  with	  medical	  therapy	  until	  recovery.	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1.3	   The	  surgical	  stress	  response	  
1.3.1	   Introduction	  to	  the	  surgical	  stress	  response	  
The	  stress	  response	  is	  the	  term	  used	  to	  describe	  the	  widespread	  hormonal,	  metabolic	  and	  
immunological	   changes	   observed	   in	   patients	   following	   trauma	   or	   injury.	   How	   the	   body	  
responds	  to	  injury	  has	  been	  of	  interest	  to	  scientists	  and	  clinicians	  for	  many	  years	  and	  there	  
has	  been	  much	   research	   in	   the	   area	  of	   stress	   response.	   It	  was	  over	   80	   years	   ago	   that	   Sir	  
David	   P	   Cuthbertson,	   a	   clinical	   biochemist,	   first	   described	   the	  metabolic	   disturbances	   he	  
observed	   in	   patients	   with	   limb	   injuries	   (Cuthbertson,	   1932).	   	   He	   demonstrated	   that	  
following	   injury	  such	  patients	  exhibited	  an	   increased	   loss	  of	  nitrogen	   in	   their	  urine,	  which	  
peaked	   at	   3-­‐8	   days.	   After	   combining	   this	   finding	   with	   measurements	   of	   the	   urinary	  
potassium,	  sulphur	  and	  phosphate	  he	  concluded	  that	  the	  increased	  nitrogen	  excreted	  could	  
not	  have	  derived	  solely	  from	  the	  tissue	  damaged	  by	  injury.	  He	  postulated	  that	  the	  traumatic	  
injury	  had	  stimulated	  a	  net	  protein	  catabolism	  and	  the	  increased	  nitrogen	  excreted	  derived	  
from	  the	  breakdown	  of	  skeletal	  muscle.	  It	  was	  from	  his	  early	  work	  that	  the	  concept	  of	  ‘ebb’	  
and	   ‘flow’	   developed,	   used	   to	   describe	   the	   initial	   decrease	   and	   subsequent	   increase	   in	  
metabolic	  activity	  following	  trauma	  or	  surgery.	  
Over	  the	  following	  decades	  the	  endocrine	  and	  metabolic	  responses	  to	  many	  different	  types	  
of	   surgery	   have	   been	   described.	   It	   has	   become	  widely	   accepted	   that	   the	   stress	   response	  
probably	   developed	   to	   give	   injured	   animals	   the	   best	   conditions	   in	   which	   to	   survive	   their	  
wounds	  and	  recover.	  However	  it	  has	  been	  argued	  that	  this	  response	  is	  not	  necessary	  in	  the	  
context	  of	  modern	  surgical	  practice	  and	  that	  it	  may	  in	  fact	  be	  detrimental.	  For	  this	  reason,	  
there	   has	   been	   much	   interest	   in	   looking	   at	   ways	   of	   modifying	   or	   inhibiting	   the	   stress	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response	  to	  surgery	  –	  including	  the	  use	  of	  different	  surgical	  approaches,	  anaesthetic	  agents,	  
regional	  techniques	  with	  neural	  blockade,	  nutrition	  and	  physiotherapy.	  
In	  addition	  to	  the	  endocrine	  and	  metabolic	  elements	  of	  the	  stress	  response,	  research	  over	  
recent	  years	  has	  investigated	  the	  immunological	  response	  to	  surgical	  trauma	  and	  the	  role	  of	  
cytokines	  and	  leucocytes.	  Most	  recently,	  in	  oncological	  surgery,	  it	  has	  been	  postulated	  that	  
the	   surgical	   stress	   response,	   in	  particular	   the	   changes	   in	   cell-­‐mediated	   immunity,	   coupled	  
with	  the	  possibility	  of	  increased	  tumour	  cell	  release	  secondary	  to	  the	  surgical	  resection	  itself	  
may	  influence	  the	  incidence	  of	  metastases	  and	  recurrence,	  thus	  altering	  long-­‐term	  survival	  
rates	  (Gottschalk	  et	  al,	  2010;	  Snyder	  and	  Greenberg,	  2010).	  To	  date	  the	  evidence	  to	  support	  
this	  theory	  is	  extremely	  limited	  and	  it	  is	  worth	  remembering	  the	  previous	  controversy	  over	  
the	   role	   of	   allogeneic	   blood	   transfusions	   in	   cancer	   recurrence.	   It	   had	   been	   thought	   that	  
patients	   who	   received	   perioperative	   allogeneic	   blood	   transfusion	   at	   the	   time	   of	   their	  
curative	  resection	  surgery	  where	  at	  higher	  risk	  of	  recurrence	  due	  to	  the	  immunosuppressive	  
effects	  of	  the	  transfusion.	  However	  a	  meta-­‐analysis	  of	  the	  evidence	  carried	  out	   in	  the	  late	  
1990’s	   (McAlister	   et	   al,	   1998)	   failed	   to	   support	   this.	   Whilst	   further	   work	   is	   needed	   to	  
investigate	  whether	  modification	   of	   the	   stress	   response	   can	   indeed	   decrease	   the	   tumour	  
recurrence	   rates	   and	   improve	  overall	   survival	   from	  cancer,	   it	   is	   an	  exciting	   area	  of	   future	  
research.	  	  
1.3.2	   The	  neuroendocrine	  response	  	  
The	   surgical	   stimulus	   triggers	   two	   initial	   pathways,	   the	   release	   of	   cytokines	   and	  
inflammatory	  mediators	  from	  the	  damaged	  tissues	  and	  the	  stimulation	  of	  afferent	  neurones	  
which	  carry	   information	  centrally.	   It	   is	   important	  to	  note	  that	  these	  two	  pathways	  are	  not	  
distinct	  and	  there	  is	  significant	  interaction	  between	  them.	  Both	  pathways	  lead	  to	  activation	  
	  
	  
21	  
of	   the	   central	   effectors	   of	   the	   stress	   response;	   the	   locus-­‐coeruleus-­‐noradrenergic	   (LC-­‐
NA)/sympathetic	   systems	   situated	   in	   the	   brainstem	   and	   the	   hypothalamic	   release	   of	  
corticotrophin	   releasing	   hormone	   (CRH)	   (O’Connor	   et	   al,	   2000).	   A	   positive	   feedback	  
mechanism	  exists	  between	  these	  two	  systems	  such	  that	  activation	  of	  one	  leads	  to	  activation	  
of	  the	  other.	  
The	   activation	   of	   the	   LC-­‐NA	   results	   in	   the	   stimulation	   of	   the	   sympathetic	   nervous	   system	  
and	   the	   increased	   secretion	  of	   catecholamines	   from	  pre-­‐synaptic	  nerve	   terminals	   and	   the	  
adrenal	   medulla.	   This	   produces	   the	   characteristic	   tachycardia	   and	   hypertension	   seen	   in	  
response	   to	   trauma.	   Circulating	   catecholamines	   also	   act	   on	   receptors	   situated	   in	   certain	  
visceral	  organs	  to	  modify	  their	  function	  (Desborough,	  2000).	  
One	   such	   organ	   is	   the	   pancreas,	   where	   increased	   α-­‐adrenergic	   stimulation	   inhibits	   the	  
secretion	   of	   the	   peptide	   hormone	   insulin	   from	   its	   β	   cells.	   Insulin	   is	   an	   anabolic	   hormone	  
which	  promotes	   the	  uptake	  of	  glucose	   into	  muscle	  and	  adipose	   tissue	  and	   its	   subsequent	  
conversion	   into	   glycogen.	   Insulin	   also	   inhibits	   the	   catabolism	   of	   protein	   and	   lipid	   and	  
promotes	  the	  uptake	  of	  amino	  acids	  by	  cells.	  
CRH	  and	  the	  hypothalamic-­‐pituitary-­‐adrenal	  axis	  -­‐	  The	  hypothalamic-­‐pituitary-­‐adrenal	  (HPA)	  
axis	  describes	  the	  complex	  set	  of	  interactions	  and	  feedback	  mechanisms	  that	  occur	  between	  
the	  hypothalamus,	   the	  pituitary	  gland	  and	   the	  adrenal	   (or	   suprarenal)	   glands.	   It	   regulates	  
many	   processes	   within	   the	   body	   and	   its	   activity	   is	   increased	   during	   the	   stress	   response	  
(Desborough	  and	  Hall,	  1993).	  	  
Via	  the	  mechanisms	  outlined	  above,	  surgical	  stress	  stimulates	  the	  hypothalamus	  to	  release	  
increased	  amounts	  of	  CRH,	  which	  in	  turn	  stimulates	  the	  anterior	  pituitary	  gland	  to	  produce	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adrenocorticotrophic	   hormone	   (ACTH)	   (O’Connor	   et	   al,	   2000).	   ACTH	   then	   acts	   on	   the	  
adrenal	  cortex	  to	  increase	  the	  secretion	  of	  glucocorticoids,	  principally	  cortisol.	  	  
Plasma	   cortisol	   levels	   increase	   rapidly	   following	   surgical	   incision,	   peaking	   at	   4-­‐6	   hours	  
(Desborough,	   2000).	   Under	   normal	   circumstances	   high	   plasma	   cortisol	   levels	   inhibit	   the	  
secretion	   of	   ACTH,	   thereby	   forming	   a	   negative-­‐feedback	   control	  mechanism.	   This	   control	  
mechanism	   is	   disrupted	   in	   the	   stress	   response.	   Cortisol	   promotes	   gluconeogenesis	   in	   the	  
liver,	   lipolysis	  and	  protein	  breakdown.	   In	  addition	   it	   inhibits	   the	  uptake	  of	  glucose	  by	  cells	  
leading,	   to	   an	   overall	   increase	   in	   plasma	   glucose	   levels.	   Cortisol	   also	   inhibits	   the	  
inflammatory	  response	  to	  trauma	  (O’Connor	  et	  al,	  2000).	  	  
In	   addition	   to	   ACTH,	   the	   anterior	   pituitary	   secretes	   increased	   amounts	   of	   two	   other	  
hormones	   during	   the	   stress	   response	   -­‐	   growth	   hormone	   (GH)	   and	   prolactin.	   Growth	  
hormone	  is	  important	  in	  the	  regulation	  of	  growth,	  especially	  in	  childhood.	  It	  stimulates	  the	  
production	   of	   peptide	   hormones,	   termed	   insulin-­‐like	   growth	   factors	   (IGFs),	   from	   the	   liver	  
and	  skeletal	  muscle	  (Desborough	  and	  Hall,	  1993).	  The	  metabolic	  effects	  of	  growth	  hormone	  
are	   to	   increase	   lipolysis	   and	   glycogenolysis	   and	   inhibit	   glucose	   uptake	   into	   cells,	   thereby	  
increasing	  the	  amount	  available	  for	  use	  by	  neurones.	  	  
Prolactin	   stimulates	   milk	   production	   from	   the	   breast	   following	   pregnancy.	   Secretion	   of	  
prolactin	  is	  increased	  as	  part	  of	  the	  stress	  response	  but	  it	  has	  little	  metabolic	  activity	  and	  its	  
role	  is	  unclear	  (Desborough,	  2000).	  
The	  posterior	  pituitary	  also	  plays	  a	  role	  in	  the	  stress	  response,	  secreting	  increased	  amounts	  
arginine	  vasopressin	  (antidiuretic	  hormone).	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1.3.3	   The	  metabolic	  response	  
The	  overall	  metabolic	  effect	  of	  the	  endocrine	  changes	  outlined	  is	  to	  produce	  a	  post-­‐surgical	  
‘catabolic	   state’.	   Catecholamines	   and	   cortisol	   stimulate	   both	   hepatic	   glycogenolysis	   and	  
gluconeogenesis.	   In	   addition	   insulin	   secretion	   is	   decreased	   and	   there	   is	   an	   increase	   in	  
peripheral	   insulin	   resistance.	   The	   increase	   in	   carbohydrate	   catabolism	   coupled	   with	   the	  
decrease	   in	   glucose	   uptake	   into	   cells	   produces	   a	   marked	   rise	   in	   plasma	   glucose	  
concentration	  post	  surgery.	  The	  degree	  of	  plasma	  glucose	  concentration	  increase	  is	  related	  
to	   the	   severity	   of	   the	   surgery,	   being	   less	   marked	   following	   minor	   surgery	   (Desborough,	  
2000).	  	  
Cortisol	  also	   stimulates	   the	  catabolism	  of	  protein	  –	  principally	   skeletal	  muscle.	  The	  amino	  
acids	  produced	  can	  then	  be	  used	  in	  the	  liver	  to	  produce	  acute	  phase	  proteins,	  glucose,	  fatty	  
acids	  and	  ketone	  bodies.	  The	  increased	  catabolism	  of	  protein	  leads	  to	  an	  increased	  urinary	  
nitrogen	  concentration	  -­‐	  as	  demonstrated	  by	  Cuthbertson	  (1932).	  
There	   is	   also	   an	   increase	   in	   the	   catabolism	   of	   stored	   fat.	   Under	   the	   influence	   of	   cortisol,	  
catecholamines	  and	  growth	  hormone	  triglycerides	  are	  converted	  to	  glycerol	  and	  fatty	  acids.	  
Glycerol	  is	  a	  substrate	  for	  gluconeogenesis	  in	  the	  liver.	  Fatty	  acids	  may	  undergo	  β-­‐oxidation	  
to	   produce	   acetyl-­‐coenzyme	   A	   which	   can	   then	   be	   utilised	   in	   the	   Krebs	   cycle	   to	   produce	  
energy.	  Alternatively	  they	  may	  be	  converted	  to	  ketone	  bodies	  or	  re-­‐esterified.	  
Finally,	   water	   and	   electrolyte	   metabolism	   is	   affected,	   principally	   under	   the	   influence	   of	  
arginine	  vasopressin	  released	  from	  the	  posterior	  pituitary	  which	  acts	  directly	  on	  the	  kidney	  
to	  promote	  water	   retention	  and	   concentrate	   the	  urine.	   In	   addition	   the	   renin-­‐angiotensin-­‐
aldosterone	   system	   is	   activated,	   partly	   due	   to	   increased	   sympathetic	   activity	   leading	   to	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further	   sodium	   and	   water	   reabsorption	   from	   the	   distal	   tubules	   of	   the	   nephrons	  
(Desborough,	  1999).	  
1.3.4	   The	  inflammatory,	  cytokine	  and	  acute	  phase	  response	  
The	   inflammatory	   response	   to	   surgery	   produces	   the	   well-­‐recognised	   clinical	   findings	   of	  
swelling,	  erythema	  and	  pain.	  This	  is	  mediated	  at	  a	  molecular	  level	  by	  activated	  leucocytes,	  
fibroblasts	  and	  endothelial	  cells	  from	  the	  damaged	  tissues	  producing	  a	  number	  of	  number	  
of	  low	  molecular	  weight	  proteins	  termed	  ‘cytokines’	  (Sheeran	  and	  Hall,	  1997).	  In	  addition	  to	  
stimulating	   the	   HPA	   axis,	   cytokines	   play	   a	   major	   role	   in	   mediating	   inflammation	   and	  
immunity.	  	  
Cytokines	  are	  small	  protein	  molecules	  that	  are	  used	  for	  cell-­‐signalling.	  They	  act	  on	  surface	  
receptors	   located	   on	   specific	   target	   cells	   to	   produce	   their	   effects.	   In	   the	   surgical	   stress	  
response	  the	  principal	  cytokines	  secreted	  are	  interleukin-­‐1β	  (IL-­‐1β),	  Interleukin-­‐6	  (IL-­‐6)	  and	  
tumour	  necrosis	  factor-­‐α	  (TNF-­‐α)	  although	  many	  other	  cytokines	  are	  subsequently	  released	  
(Sheeran	  and	  Hall,	  1997).	  
IL-­‐1β	  and	  TNF-­‐α	  are	  among	  the	  earliest	  mediators	  of	  inflammation.	  They	  are	  released	  from	  
activated	  macrophages	   and	  monocytes	   in	   the	  damaged	   tissues.	   Their	  main	   actions	   are	   to	  
induce	   cell	   proliferation,	   differentiation	   and	   apoptosis,	   stimulating	   the	   production	   and	  
release	  of	  further	  cytokines.	  
One	  of	  the	  most	  important	  of	  these	  cytokines	  is	  IL-­‐6.	  Often	  undetectable	  preoperatively,	  it	  
rises	  quickly	  reaching	  a	  peak	  plasma	  concentration	  at	  24	  hrs	  postoperatively	  (Desborough,	  
2000).	  The	  production	  of	  IL-­‐6	  is	  proportional	  to	  the	  degree	  of	  tissue	  trauma	  with	  the	  highest	  
rises	  in	  plasma	  concentration	  coming	  after	  major	  procedures	  such	  as	  colorectal	  or	  vascular	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surgery.	   Laparoscopic	   colorectal	   surgery	   has	   been	   shown	   to	   stimulate	   significantly	   lower	  
production	  of	   IL-­‐6	   than	  the	  equivalent	  open	  procedure	   (Sammour	  et	  al,	  2010).	   IL-­‐6	   is	  pro-­‐
inflammatory	  and	   it	   is	   involved	   in	   the	   final	  differentiation	  of	  B-­‐cells	   into	  antibody-­‐forming	  
cells	   (plasma	   cells).	   It	   also	   acts	   in	   the	   liver	   to	   stimulate	   acute	   phase	   protein	   synthesis.	  
Through	  stimulating	  the	  release	  of	  IL-­‐10	  (which	  inhibits	  the	  release	  of	  IL-­‐1β	  and	  TNF-­‐α:	  Jerin	  
et	  al,	  2003),	  IL-­‐6	  also	  performs	  an	  anti-­‐inflammatory	  function.	  	  
The	   ‘acute	   phase	   response’	   describes	   the	   systemic	   changes	   that	   occur	   following	   tissue	  
injury.	  A	  major	  element	  of	  this	  is	  the	  synthesis	  in	  the	  liver	  of	  acute	  phase	  proteins	  including	  
C-­‐reactive	   protein	   (CRP),	   α2-­‐macroglobulin	   and	   α-­‐1-­‐antitrypsin.	   These	   proteins	   perform	   a	  
number	   of	   different	   functions,	   for	   example;	   CRP	   acts	   as	   an	   opsonin	   facilitating	   the	  
identification	   and	   destruction	   of	   cells/microbes	   by	   the	   immune	   system;	   α2-­‐macroglobulin	  
inhibits	  thrombin	  thereby	  affecting	  coagulation;	  α-­‐1-­‐antitrypsin	  provides	  negative	  feedback	  
for	  the	  inflammatory	  response	  (Sheeran	  and	  Hall,	  1997).	  
The	   production	   of	   a	   number	   of	   other	   proteins	   is	   down-­‐regulated	   in	   the	   acute	   phase	  
response.	  Notable	  amongst	  these	  are	  albumin	  and	  transferrin.	  The	  decrease	   in	  production	  
provides	  amino	  acids	  for	  the	  synthesis	  of	  the	  other	  acute	  phase	  proteins.	  These	  changes	  in	  
production	   of	   important	   transport	   proteins	   bring	   about	   changes	   in	   the	   concentrations	   of	  
cations	  such	  as	  zinc,	  iron	  and	  copper.	  
1.3.5	   The	  stress	  response	  and	  cell-­‐mediated	  immune	  function	  
Cell-­‐mediated	   immunity	   refers	   to	   the	   component	   of	   the	   immune	   system	   consisting	   of	  
activated	  macrophages,	  T-­‐cells	  and	  natural	  killer	  (NK)	  cells.	  	  Their	  functions	  include	  both	  the	  
phagocytosis	  and	  killing	  of	   intracellular	  pathogens	  and	  the	  direct	  killing	  of	  cells.	  These	  are	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particularly	   important	   for	   destroying	   intracellular	   bacteria,	   eliminating	   viral	   infections	   and	  
destroying	  tumour	  cells	  (Snyder	  and	  Greenberg,	  2010).	  
Following	   surgery	   there	   is	   significant	   suppression	   of	   cell-­‐mediated	   immunity	  mediated	   in	  
part	  by	  high	  circulating	  levels	  of	  plasma	  cortisol.	  Immunosuppression	  begins	  within	  hours	  of	  
surgery	   and	  may	   last	   for	   several	   days.	   It	   is	   proportional	   to	   the	   extent	   of	   surgical	   trauma	  
(Page,	  2005).	  	  
The	   suppression	   of	   cell-­‐mediated	   immunity	   during	   the	   stress	   response	  may	   have	   specific	  
implications	  in	  the	  field	  of	  oncological	  surgery	  where	  it	  has	  been	  suggested	  that	  it	  may	  lead	  
to	  an	   increased	  risk	  of	  metastasis	  and	  subsequent	  cancer	  recurrence.	  However	  this	  theory	  
remains	  controversial	  and	  much	  further	  research	  is	  required.	  	  
Although	  the	  primary	  role	  of	  the	  stress	  response	  following	  surgery	  is	  to	  promote	  healing	  and	  
recovery,	   overactivity	   or	   underactivity	   of	   this	   response	   may	   lead	   to	   detrimental	  
consequences	  for	  the	   individual.	  Variations	   in	  both	  surgical	  and	  anaesthetic	  technique	  can	  
affect	  the	  magnitude	  of	  the	  stress	  response.	  
	  
1.4	   The	  stress	  response	  in	  liver	  resection	  surgery	  
Liver	   resection	   surgery	   is	  major	   intra-­‐abdominal	   surgery	   and	   as	   such	  may	  be	   expected	   to	  
generate	   a	   post-­‐surgical	   stress	   response	   as	   described	   above	   (section	   1.3.1).	  Whilst	   there	  
have	   been	   a	   large	   number	   of	   studies	   examining	   various	   aspects	   of	   the	   stress	   response	  
following	   liver	   resection	   surgery,	   most	   of	   these	   are	   small,	   non-­‐randomised	   single-­‐centre	  
case	   series.	   The	   available	   evidence	   describing	   the	   stress	   response	   following	   liver	   surgery	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indicates	   that	   the	   exact	  magnitude,	   duration	   and	  nature	  of	   the	   stress	   response	  produced	  
may	  vary	  considerably	  depending	  on	  a	  number	  of	  factors.	  
As	   described	   above	   (section	   1.2.5),	   liver	   resection	   surgery	   may	   be	   carried	   out	   either	  
laparoscopically	  or	  using	  an	  open	  approach.	  Evidence	   from	  a	   range	  of	   surgical	  procedures	  
comparing	  the	  stress	  response	  following	  laparoscopic	  versus	  open	  techniques	  has	  shown	  a	  
reduced	   stress	   response	   and	   better	   preserved	   immune	   function	   in	   patients	   having	   a	  
laparoscopic	   technique	   (Buunen	   et	   al,	   2004).	   Very	   few	   studies	   have	   detailed	   the	   stress	  
response	  to	  laparoscopic	  liver	  resection.	  Burpee	  et	  al	  (2002)	  compared	  cortisol,	  IL-­‐6,	  TNF-­‐α	  
and	   CRP	   levels	   in	   14	   subjects	   randomly	   assigned	   to	   undergo	   either	   laparoscopic	   or	   open	  
liver	  surgery.	   	   It	  was	   found	  that	  whilst	  both	   IL-­‐6	  and	  TNF-­‐α	  were	  significantly	   lower	   in	   the	  
laparoscopic	  group	  there	  was	  no	  difference	  in	  the	  CRP	  or	  cortisol	  response.	  IL-­‐6	  peaked	  at	  
24	  hours	   in	  both	  groups	  with	  a	  mean	   (sd)	  value	  of	  10.3±2.6	  pg/ml	   in	   the	  open	  group	  and	  
7.1±1.9	   pg/ml	   in	   the	   laparoscopic	   group.	   Peak	   TNF-­‐α	   concentrations	   were	   recorded	   on	  
postoperative	   day	   seven	   in	   both	   groups	   (181±144	   pg/ml	   in	   the	   open	   group	   versus	   65±63	  
pg/ml	  in	  the	  laparoscopic	  group).	  	  
The	  stress	   response	   to	  open	   liver	   surgery	  has	  been	  more	  widely	   investigated.	   	  Badia	  et	  al	  
(1998)	   reported	   perioperative	   IL-­‐1,	   IL-­‐6	   TNF-­‐α	   and	   IFN-­‐γ	   levels	   in	   thirteen	   patients	  
undergoing	   open	   liver	   resection	   under	   total	   vascular	   exclusion.	   Peripheral	   blood	   samples	  
were	  taken	  before	  and	  during	  surgery	  and	  at	  six,	  twenty-­‐four,	  forty-­‐eight,	  seventy-­‐two	  and	  
ninety-­‐six	  hours	  postoperatively.	  They	  did	  not	  detect	  TNF-­‐α	  at	  any	  point.	  IFN-­‐γ	  was	  detected	  
in	  only	  two	  out	  of	  the	  thirteen	  patients,	  peaking	  at	  a	  mean	  value	  of	  5290	  pg/ml	  twenty	  fours	  
postoperatively.	  There	  was	  no	  significant	  change	  in	  IL-­‐1	  levels	  across	  the	  sampling	  period.	  IL-­‐
6	  was	  detected	  in	  all	  patients	  and	  peaked	  at	  twenty-­‐four	  hours	  postoperatively	  with	  a	  mean	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value	  of	   699±277	  pg/ml.	  Of	  note	   there	  were	   two	   cases	  of	  mortality	   in	   this	   series	  with	  an	  
average	  IL-­‐6	  of	  2694	  pg/ml	  at	  twenty-­‐four	  hours,	  which	  may	  have	  significantly	  skewed	  the	  
data.	  Another	  study	  in	  2006	  described	  IL-­‐6	  and	  TNF-­‐α	  levels	  in	  thirty	  six	  patients	  post	  open	  
liver	  resection	  using	  intermittent	  Pringle’s	  manoeuvre	  to	  control	  blood	  loss	  (Aldrighetti	  et	  al,	  
2006).	  They	  reported	  peak	  IL-­‐6	  values	  of	  73±38	  pg/ml	  at	  twenty	  four	  hours	  postoperatively	  
and	  peak	  TNF-­‐α	  values	  of	  21±11	  pg/ml	  on	  postoperative	  day	  2.	  	  A	  study	  of	  128	  consecutive	  
patients	  undergoing	  open	  liver	  resection	  for	  a	  variety	  of	  pathologies	  measured	  IL-­‐4,	  IL-­‐6,	  IL-­‐
8,	  IL-­‐10	  and	  cortisol	  levels	  preoperatively,	  on	  the	  day	  of	  surgery	  and	  on	  postoperative	  days	  
one,	  two,	  three,	  seven	  and	  fourteen	  (Kimura	  et	  al,	  2006).	  They	  found	  that	  the	  levels	  of	  IL-­‐6,	  
IL-­‐8,	   IL-­‐10	   and	   cortisol	   were	   all	   significantly	   elevated	   from	   preoperative	   values	   within	  
twenty-­‐four	   hours,	  whereafter	   they	   rapidly	   declined,	   although	   it	   is	  worth	   noting	   that	   the	  
variability	  in	  their	  data	  values	  was	  very	  large.	  Mean	  (SD)	  peak	  values	  of	  IL-­‐6,	  IL-­‐8	  and	  IL-­‐10	  
were	   401±324	   pg/ml,	   40.7±40.2	   pg/ml,	   31.5±29.1	   pg/ml	   and	   15.6±20.8	   respectively.	   IL-­‐4	  
concentrations	  did	  not	  change	  significantly	  from	  preoperative	  values	  over	  the	  study	  period.	  
Furthermore,	  they	  compared	  cytokine	  responses	   in	  patients	  who	  developed	  postoperative	  
organ	  dysfunction	  with	  those	  who	  followed	  an	  uncomplicated	  course	  and	  found	  them	  to	  be	  
significantly	  raised	  in	  the	  organ	  dysfunction	  group.	  Schmidt	  et	  al	  (2007)	  compared	  the	  IL-­‐6	  
response	   in	   patients	   undergoing	   open	   liver	   resection	   either	   with	   or	   without	   high	   dose	  
preoperative	  steroids.	  Patients	   receiving	  steroids	  had	  a	  significantly	   reduced	   IL-­‐6	  response	  
with	  peak	  IL-­‐6	  values	  of	  16.2±13.5	  pg/ml	  versus	  91.5±	  87.5	  pg/ml	  in	  the	  control	  group.	  
Other	  factors	  that	  may	  influence	  the	  stress	  response	  in	  liver	  resection	  surgery	  include:	  	  
The	   choice	   of	   anaesthetic	   technique	   –	   perioperative	   epidural	   blockade	   reduces	   the	  
catecholamine	   and	   cortisol	   response	   to	   major	   surgery	   and	   reduce	   postoperative	   insulin	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resistance	   (Uchida	  et	   al,	   1988)	   and	  high	  dose	  opioids	   suppress	  both	  natural	   and	  acquired	  
immune	  function	  (Sacerdote	  2008;	  Snyder	  &	  Greenberg,	  2010).	  	  
Intraoperative	   factors	   –	   as	   mentioned	   above,	   surgical	   technique	   i.e.	   open	   versus	  
laparoscopic	   surgery,	   the	   use	   of	   Pringle	   manoeuvre	   with	   subsequent	   ischaemia	   and	  
reperfusion,	  size	  of	  resection	  and	  functional	  capacity	  of	  the	  liver	  remnant	  and	  intraoperative	  
complications	   such	   as	   massive	   haemorrhage	   and	   transfusion	   may	   all	   impact	   on	   the	  
magnitude	  and	  nature	  of	  the	  inflammatory	  and	  immune	  response.	  	  
Patient-­‐related	   factors	   –	   the	   presence	   of	   co-­‐morbidities	   e.g.	   diabetes,	   renal	   dysfunction,	  
cirrhosis.	   The	   underlying	   diagnosis	   may	   also	   impact	   on	   the	   stress	   response	   generated	   –	  
patients	  with	   on-­‐going	  malignant	   processes	   or	   receiving	   chemotherapy	  may	   already	   have	  
elevated	   stress	   response	  markers,	   alternatively	   they	  may	   be	   immunosuppressed	   and	   less	  
able	  to	  generate	  a	  robust	  stress	  response.	  
Finally,	   by	   definition	   liver	   resection	   surgery	   involves	   removal	   of	   a	   proportion	   of	   liver	  
parenchyma.	   The	   liver	   plays	   a	   central	   role	   in	   the	   cytokine	   response,	   the	   acute	   phase	  
response	  and	  metabolic	  response	  to	  surgical	  trauma	  and	  the	  magnitude	  and	  nature	  of	  these	  
responses	   may	   be	   directly	   affected	   by	   how	   much	   functioning	   liver	   parenchyma	   remains	  
post-­‐resection	  and	  whether	  and	  how	  quickly	  it	  is	  able	  to	  regenerate.	  
	  
1.5	   Enhanced	  recovery	  after	  surgery	  
As	   awareness	   and	   understanding	   of	   the	   surgical	   stress	   response	   has	   developed	   over	   the	  
decades,	  so	  has	  the	  interest	  in	  finding	  ways	  of	  modifying	  it	  to	  produce	  potential	  benefits	  for	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patients.	   This	   has	   led	   to	   the	   development	   of	   the	   concept	   of	   ‘enhanced	   recovery’	   after	  
surgery.	  	  
The	   enhanced	   recovery	   technique	   (also	   termed	   ‘fast-­‐track	   surgery’	   or	   ‘a	   multi-­‐modal	  
surgical	   approach’)	   was	   pioneered	   in	   the	   1990s	   by	   Professor	   Henrik	   Kehlet,	   a	   gastro-­‐
intestinal	   surgeon	   from	   Denmark.	   He	   noted	   that	   despite	   advances	   in	   surgical	   and	  
anaesthetic	   techniques	   patients	   undergoing	   major	   surgical	   procedures	   still	   suffered	  
significant	   morbidity	   causing	   them	   to	   require	   prolonged	   post-­‐operative	   recovery	   times	  
(Kehlet,	   1997).	   He	   postulated	   that	   whilst	   good	   anaesthetic	   and	   surgical	   technique	   were	  
obviously	   important,	   the	   fact	   that	   complications	   still	   were	   still	   occurring	   independent	   of	  
these	  meant	  that	  other	  factors	  were	  involved.	  One	  factor	  common	  to	  all	  surgical	  patients,	  to	  
a	   varying	   degree,	   is	   the	   presence	   of	   the	   ‘surgical	   stress	   response’	   (Bessey	   1995),	   a	   term	  
describing	   the	   phenomenon	   of	   widespread	   changes	   in	   organ	   function	   seen	   in	   patients	  
following	  surgery	  mediated	  by	  the	  body’s	  immunological,	  endocrine	  and	  metabolic	  reaction	  
to	  the	  surgical	  trauma.	  Kehlet	  proposed	  a	  multi-­‐modal	  approach	  towards	  perioperative	  care	  
comprising	   better	   patient	   information	   preoperatively,	   minimally	   invasive	   surgical	  
techniques,	   increased	  use	  of	   regional	  anaesthetic	   techniques,	  effective	  pain	   relief,	  enteral	  
nutrition	  and	  early	  mobilisation	  as	  a	  way	  of	  modifying	  the	  stress	  response	  and	  minimising	  
the	   impact	  of	  surgery	  on	  the	  patient	   (Kehlet	  1997).	   	  The	  anticipated	  outcome	  was	  that	  by	  
producing	  ‘stress-­‐free	  anaesthesia	  and	  surgery’	  (Kehlet	  1991)	  one	  could	  speed	  up	  patients’	  
post-­‐operative	  recovery	  times	  and	  reduce	  their	  morbidity	  and	  mortality.	  	  
This	   approach	  was	   first	   introduced	  and	  developed	   in	  patients	  undergoing	  open	   colorectal	  
surgery	  where	   it	  has	  been	  shown	  to	  be	  effective	   in	   reducing	  postoperative	   length	  of	  stay,	  
morbidity	  and	  complications	  and	  improving	  patient	  outcomes	  (King	  et	  al,	  2006;	  Wind	  et	  al,	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2006;	  Varadhan	  et	  al,	  2010).	  An	  enhanced	  recovery	  programme	  is	  a	  structured	  perioperative	  
pathway	  consisting	  of	  a	  series	  of	  evidence-­‐based	   interventions	  that	  have	  each	   individually	  
been	   shown	   to	   improve	  patient	  outcomes.	   In	   colorectal	   surgery,	   the	   “Enhanced	  Recovery	  
After	  Surgery”	  (ERAS)	  committee	  has	  been	  largely	  responsible	  for	  formulating	  a	  consensus	  
opinion	  on	  what	  elements	  should	  be	  included	  in	  an	  enhanced	  recovery	  programme	  (Fearon	  
et	   al,	   2005),	   reviewing	   and	   updating	   recommendations	   as	   further	   evidence	   becomes	  
available.	   Current	   recommendations	   in	   colorectal	   surgery	   are	   summarised	   in	   figure	   1.1	  
(Gustaffson	  et	  al,	  2013).	  
Although	   the	   principle	   in	   enhanced	   recovery	   is	   that	   all	   elements	   of	   the	   pathway	   are	  
supported	   by	   evidence	   to	   show	   their	   benefits,	   in	   actuality	   some	   elements	   have	   stronger	  
evidence	  than	  others.	  Certain	  elements	  have	  been	  shown	  to	  be	  clearly	  beneficial,	  whereas	  
some	  others	  are	  included	  because	  the	  consensus	  view	  of	  the	  ERAS	  group	  is	  that	  they	  make	  
good	   common	   sense	   even	   if	   strong	   evidence	   to	   support	   them	   does	   not	   exist.	   A	   further	  
caveat	  is	  that,	  as	  mentioned,	  the	  ERAS	  group	  is	  principally	  concerned	  with	  colorectal	  surgery	  
and	  the	  evidence	  for	  these	  elements	  comes	  from	  work	  done	  in	  patients	  in	  this	  area.	  
It	   cannot	  necessarily	   be	   assumed	   that	   all	   of	   these	   elements	   can	  be	   applied	   to	   all	   surgical	  
specialties	  with	  the	  same	  results.	  A	  review	  of	  the	  current	  evidence	  for	  enhanced	  recovery	  in	  
liver	  surgery	  is	  presented	  further	  on	  in	  this	  thesis	  (section	  1.6).	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Figure	  1.1	  Elements	  of	  an	  enhanced	  recovery	  programme	  	  
Preoperative	  Elements	  
Preadmission	  information	  and	  
counselling	  
Preoperative	  Optimisation	  
No	  bowel	  preparation	  
Minimise	  preoperative	  fasting	  and	  
preoperative	  carbohydrate	  load	  
No	  long-­‐acting	  sedatives/premedication	  
VTE	  prophylaxis	  
Antimicrobial	  prophylaxis	  
Venous	  thromboembolism	  prophylaxis	  
Thromboembolic	  prophylaxis	  
Intraoperative	  Elements	  
Standard	  anaesthetic	  protocol	  
Laparoscopic/minimally	  invasive	  surgery	  
No	  routine	  use	  of	  nasogastric	  tubes	  
Maintenance	  of	  normothermia	  
Rationalised	  perioperative	  fluid	  
management	  
Selective	  use	  of	  drains	  
Early	  removal	  of	  urinary	  catheters	  
	  
Postoperative	  Elements	  
Aggressive	  treatment	  of	  PONV	  
Prevention	  of	  postoperative	  ileus	  
Opioid-­‐sparing	  analgesia/regional	  
techniques	  
Perioperative	  nutritional	  support	  
Postoperative	  glucose	  control	  
Early	  mobilisation	  
Systematic	  audit	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1.5.1	   Rationale	  and	  evidence	  for	  enhanced	  recovery	  elements	  
Preadmission	   information	  and	  counselling	  –	   the	   rationale	   is	   that	  preoperative	   counselling,	  
including	  a	   clear	  description	  of	   the	   intended	  perioperative	   care	  with	  emphasis	  on	   specific	  
targets	  to	  be	  attained,	  will	  help	  to	  reduce	  patient	  anxiety	  and	  alleviate	  the	  stress	  response	  
to	   surgery.	   Over	   the	   last	   forty	   years	   there	   have	   been	   a	   number	   of	   small	   studies	  
demonstrating	  the	  effect	  of	  preoperative	  counselling	  on	  reducing	  patient	  anxiety	  (Egbert	  et	  
al,	   1963;	   Klafta	   &	   Roizen,	   1996)	   to	   produce	   improved	   outcomes	   such	   as	   reduced	  
postoperative	  pain	  (Egbert	  et	  al	  1964),	  earlier	  postoperative	  mobilisation	  (Mahomed	  et	  al,	  
2002),	   promotion	   of	   gastrointestinal	  motility	   (Disbrow	  et	   al,	   1993)	   and	   reduced	   length	   of	  
hospitalisation	  (Lawlis	  et	  al,	  1985).	  However,	  most	  of	  these	  studies	  included	  small	  samples	  
(less	   than	   50	  patients)	   and	  were	  not	   randomised.	  No	   studies	   have	   actually	  measured	   the	  
effect	  of	  preoperative	  counselling	  on	  markers	  of	  the	  stress	  response.	  	  
Preoperative	  optimisation	  -­‐	  Patient	  optimisation	  for	  surgery	  should	  begin	  in	  the	  primary	  care	  
setting	  before	  or	   at	   the	   time	   referral.	  A	  health-­‐screening	  questionnaire	   completed	  by	   the	  
patient	  can	  help	   identify	   co-­‐morbidities	   that	  are	  associated	  with	  poor	  outcomes	   following	  
surgery	   –	   anaemia,	   diabetes;	   hypertension;	   renal	   impairment;	   obesity;	   smoking;	   alcohol	  
consumption;	   generally	   poor	   level	   of	   fitness.	   Optimizing	   these	   conditions	   (although	   often	  
challenging)	   ensures	   that	   the	   patient	   is	   in	   the	   best	   possible	   condition	   before	   undergoing	  
surgery,	   which	   in	   turn	   may	   reduce	   the	   incidence	   of	   postoperative	   complications	   and	  
improve	  recovery.	  For	  example,	  patients	  with	  diabetes	  are	  at	  increased	  risk	  of	  postoperative	  
morbidity,	   prolonged	   hospital	   stay	   and	   readmission.	   These	   risks	   may	   be	   reduced	   by	  
improving	  their	  diabetic	  control	  and	  reducing	  hypertension	  and	  cholesterol	  levels	  (King	  et	  al,	  
1999).	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Within	   the	   remit	   of	   preoptimisation	   is	   the	   modification	   of	   patients’	   ‘lifestyle	   choices’	   –	  
smoking,	  alcohol,	  obesity	  and	  general	  level	  of	  fitness.	  There	  is	  clear	  evidence	  that	  cessation	  
of	   smoking	   and	   alcohol	   consumption	   for	   four	  weeks	   prior	   to	   surgery	   confers	   a	   beneficial	  
reduction	  in	  postoperative	  morbidity	  (Tonnesen	  et	  al,	  1999;	  Sorensen	  et	  al,	  2003).	  Obesity	  is	  
an	   independent	   risk	   factor	   for	  perioperative	  morbidity	   (Bamgbade	  et	  al,	  2007)	  and	  where	  
possible	   efforts	   should	   be	   made	   to	   address	   this	   issue	   preoperatively.	   The	   value	   of	  
preoperative	   physical	   conditioning	   programmes	   for	   improving	   surgical	   outcomes	   is	   less	  
clear,	   although	   one	   RCT	   did	   demonstrate	   a	   correlation	   between	   preoperative	   inspiratory	  
muscle	   training	   and	   a	   reduced	   incidence	   of	   postoperative	   pulmonary	   complications	  
(Hulzebos	  et	  al,	  2006)	  	  
Evidence	   has	   suggested	   that	   cardiopulmonary	   exercise	   testing	   (CPET)	  may	   be	   of	   value	   in	  
assessing	  perioperative	  risk	  in	  major	  surgery	  and	  should	  be	  considered	  any	  patient	  with	  risk	  
factors	   (e.g.	   cardiovascular/pulmonary/renal	   comorbidity,	   diabetes,	   cerebrovascular	  
disease)	  or	  undergoing	  high-­‐risk	  surgery	  (Smith	  et	  al,	  2009).	  	  
Identifying	  those	  patients	  at	  increased	  risk	  is	  beneficial	  because	  it:	  
• Allows	  patients	  to	  be	  better	  informed,	  therefore	  more	  able	  to	  participate	  in	  shared	  
decision	  making	  over	  their	  care.	  
• Facilitates	  the	  planning	  and	  provision	  of	  HDU/ICU	  services.	  
• Facilitates	  discharge	  planning	  
No	   bowel	   preparation	   –	   Traditionally	   patients	   (especially	   those	   having	   colorectal	   surgery)	  
were	  given	  a	  powerful	  laxative	  preoperatively	  in	  order	  to	  ensure	  that	  the	  bowel	  was	  devoid	  
of	   faecal	   matter	   prior	   to	   surgery.	   The	   rationale	   for	   avoiding	   the	   routine	   use	   of	   bowel	  
preparation	   is	   that	   it	   leads	   to	   dehydration	   and	   changes	   in	   electrolyte	   and	   fluid	   balance.	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Holte	   et	   al	   (2004)	   found	   a	   significant	   increase	   of	   plasma	   osmolality	   and	   concentration	   of	  
phosphate	  and	  urea	  as	  well	  as	  significantly	  decreased	  plasma	  concentrations	  of	  potassium	  
and	   calcium	   in	   patients	   who	   had	   received	   bowel	   preparation.	   However,	   there	   was	   no	  
increase	  of	  orthostatic	  hypotension	  or	  balance	  function,	  questioning	  the	  clinical	  relevance	  of	  
their	  findings	  in	  otherwise	  fit	  and	  healthy	  patients.	  Traditional	  surgical	  dogma	  dictates	  that	  
the	  use	  of	  bowel	  preparation	  in	  patients	  undergoing	  abdominal	  surgery	  reduces	  the	  risks	  of	  
complications	   such	   as	   wound	   infections	   and	   anastomotic	   leakage.	   As	   such,	   it	   has	   been	  
routine	   practice	   in	   most	   centres	   to	   administer	   preoperative	   bowel	   preparation	   to	   these	  
patients.	  A	  Cochrane	  review	  of	  the	  use	  of	  bowel	  preparation	  in	  colorectal	  surgery	  found	  no	  
statistical	  difference	  in	  the	  incidence	  of	  anastomotic	  leakage,	  mortality,	  wound	  infection	  or	  
the	  need	  for	  reoperation	  between	  patients	  who	  had	  received	  bowel	  preparation	  and	  those	  
who	  had	  not	  (Guenega	  et	  al,	  2003).	  
Minimising	   preoperative	   fasting	   and	   the	   preoperative	   carbohydrate	   load	   –	   aspiration	   of	  
gastric	  contents	  whilst	  under	  general	  anaesthesia	  is	  associated	  with	  a	  significant	  morbidity	  
and	  mortality.	   The	   traditional	   approach	   to	   reduce	   the	   risk	  of	   aspiration	  has	  been	   to	   keep	  
patients	  nil-­‐by-­‐mouth	  preoperatively.	  Recent	   research	   indicates	   that	   the	   risk	  of	   aspiration	  
may	   not	   be	   as	   great	   as	   suspected	   and	   a	   systematic	   review	   conducted	   in	   2003	   found	   no	  
evidence	  to	  suggest	  an	  increased	  risk	  of	  regurgitation,	  aspiration	  or	  related	  morbidity	  with	  a	  
shortened	   fluid	   fast	   compared	   with	   the	   standard	   ‘nil	   by	   mouth	   from	   midnight’	   regimen	  
(Brady	   et	   al,	   2003)	   and	   indicated	   that	   intake	   of	   clear	   fluids	   up	   to	   two	   hours	   before	  
anaesthesia	  was	  safe.	  	  
Preoperative	   fasting	   and	   surgery	   predisposes	   to	   metabolic	   stress	   and	   insulin	   resistance	  
(Ljungqvist	  2010).	   Increased	   insulin	  resistance	   is	  associated	  with	  an	   increased	   incidence	  of	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postoperative	   complications,	  particularly	   infections.	   In	  a	   study	  of	  273	  patients	  undergoing	  
elective	  cardiac	  surgery,	  Sato	  et	  al	  (2010)	  found	  that	  a	  postoperative	  fall	  in	  insulin	  sensitivity	  
of	   50%	   increased	   the	   risk	   of	   developing	   a	   major	   complication	   by	   5-­‐fold	   and	   the	   risk	   of	  
developing	   a	   severe	   infectious	   complication	   by	   10-­‐fold.	   The	   rationale	   for	   minimising	   the	  
preoperative	   fasting	   time	   is	   that	  doing	  so	  will	   ameliorate	   the	   impact	  of	   this	  effect.	  As	   the	  
above	  systematic	  review	  (Brady	  et	  al,	  2003)	  found,	  there	  is	  no	  strong	  evidence	  for	  a	  precise	  
minimum	  preoperative	  fast	  time.	   	  However	  the	  current	  general	  consensus	  guidelines	  from	  
anaesthetic	   societies	   recommend	   clear	   fluids	   until	   two	   hours	   before	   induction	   of	  
anaesthesia	  and	  a	  six	  hour	  fast	  for	  solid	  food	  (Lassen	  et	  al,	  2009).	  
In	   addition	   to	   keeping	   the	   fasting	   time	   to	   a	   minimum	   the	   enhanced	   recovery	   approach	  
advocates	  the	  use	  of	  carbohydrate	  loading	  in	  the	  form	  of	  a	  clear	  carbohydrate-­‐rich	  beverage	  
administered	  2-­‐3	  hours	  preoperatively.	   In	  addition	  to	  reducing	  preoperative	  thirst,	  hunger	  
and	   anxiety	   (Hausel	   et	   al,	   2001;	   Brady	   et	   al,	   2003)	   it	   also	   reduces	   postoperative	   insulin	  
resistance	  by	  approximately	  50%	  (Soop	  et	  al,	  2001)	  leaving	  patients	  in	  a	  more	  anabolic	  state	  
postoperatively	  with	  less	  protein	  and	  nitrogen	  losses	  and	  better	  maintained	  muscle	  strength	  
(Crowe	  et	  al,	  1984;	  Yuill	  et	  al,	  2005;	  Svanfeldt	  et	  al,	  2007).	  A	  recent	  study	  investigated	  the	  
effect	  of	  adherence	  to	  an	  enhanced	  recovery	  protocol	  on	  postoperative	  complications	  and	  
symptoms	   that	   delayed	   discharge.	   Administration	   of	   carbohydrate	   preload	   was	   an	  
independent	  predictor	  of	   improved	  outcome.	  After	  multivariate	  analysis	  and	  adjusting	   for	  
confounders	   it	   was	   demonstrated	   that	   a	   preoperative	   carbohydrate	   drink	   decreased	  
postoperative	   symptoms	   that	   could	  delay	  discharge	   (including	  nausea	  and	   vomiting,	   pain,	  
diarrhoea	  and	  dizziness)	  by	  44%	  (Gustafsson	  et	  al,	  2011)	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Sedative	  premedication	  –	  long-­‐acting	  sedative	  medications,	  anxiolytics	  and	  opioid	  analgesics	  
were	   routinely	   used	   preoperatively	  with	   the	   intention	   of	   reducing	   the	   anxiety	   and	   stress	  
related	   to	   surgery.	   However,	   these	   benefits	   are	   outweighed	   by	   the	   increased	   risk	   of	  
prolonged	  postoperative	  recovery	  due	  impaired	  ability	  to	  mobilise	  or	  drink	  (Walker	  &	  Smith,	  
2009).	  A	  systematic	  review	  of	  the	  literature	  looking	  at	  the	  efficacy	  of	  ‘pre-­‐emptive	  analgesia’	  
–	  starting	  analgesia	  preoperatively	  with	  the	  intention	  of	  enhancing	  postoperative	  pain	  relief	  
–	  found	  there	  was	  no	  effect	  on	  postoperative	  pain	  relief	  (Moiniche	  et	  al,	  2002).	  	  
Venous	  thromboembolism	  (VTE)	  prophylaxis	   -­‐	  Venous	  thromboembolism	   is	  a	  common	  and	  
preventable	  cause	  of	  perioperative	  morbidity	  and	  mortality.	   In	  2010	  the	  National	   institute	  
for	  Health	  and	  Clinical	  Excellence	  (NICE)	  published	  clinical	  guidelines	  for	  VTE	  prophylaxis	  for	  
all	  hospital	  in-­‐patients	  (NICE,	  2010).	  Surgical	  patients	  should	  be	  considered	  at	  increased	  risk	  
of	  VTE	  if	  they	  meet	  the	  following	  criteria:	  
• Surgical	   procedure	   with	   a	   total	   anaesthetic	   and	   surgical	   time	   of	   more	   than	   90	  
minutes	  (60	  minutes	  if	  surgery	  involves	  pelvis	  or	  lower	  limb)	  
• Expected	  significant	  reduction	  in	  mobility	  
• The	  presence	  of	  one	  or	  more	  of	  the	  following	  risk	  factors	  
- active	  cancer	  
- age	  >	  60	  years	  
- critical	  care	  admission	  
- dehydration	  
- thrombophilias	  
- obesity	  (BMI	  >	  30kg/m2)	  
- one	  or	  more	  significant	  medical	  comorbidities	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- personal	  history	  (or	  first	  degree	  relative)	  of	  VTE	  
- HRT	  
- OCP	  
- Varicose	  veins	  with	  phlebitis	  
	  
These	  criteria	  are	  likely	  to	  encompass	  most	  surgical	  patients	  scheduled	  for	  elective	  surgery	  
as	   inpatients.	   In	   concurrence	  with	   the	  NICE	   recommendations,	  all	   surgical	  patients	   should	  
be	   assessed	   for	   VTE	   risk.	   Those	   that	   fulfil	   the	   criteria	   should	   start	   mechanical	   VTE	  
prophylaxis	   at	   admission	   (anti-­‐embolism	   stockings/foot	   impulse	   devices/intermittent	  
pneumatic	  compression	  devices)	  and	  continue	  this	  until	  mobile	  postoperatively.	  In	  addition,	  
pharmacological	   VTE	   prophylaxis	   with	   low	   molecular	   weight	   heparin	   (LMWH)	   (or	  
unfractionated	   heparin	   in	   renal	   failure)	   should	   be	   used	   until	   the	   patient	   no	   longer	   has	  
significantly	   reduced	   mobility	   (NB	   use	   of	   LMWH	   should	   take	   into	   account	   any	  
contraindications	  including	  individual	  patient	  factors	  and	  risk	  of	  bleeding).	  
Finally,	   in	   2009	   a	   Cochrane	   review	   of	   four	   RCTs	   (Rasmussen	   et	   al,	   2009)	   examining	   the	  
prolonged	  use	  of	  LMWH	  for	  at	  least	  one	  month	  after	  abdominal	  or	  pelvic	  surgery	  showed	  a	  
significant	   reduction	   in	   the	   incidence	   of	   VTE	   without	   any	   increase	   in	   bleeding	   risk.	   This	  
supports	   the	   recommendation	   that	   pharmacological	   VTE	  prophylaxis	   should	   be	   continued	  
for	   28	   days	   postoperatively	   for	   patients	   undergoing	   cancer	   surgery	   of	   the	   abdomen	   or	  
pelvis.	  
Antimicrobial	  prophylaxis	  –	  Surgical	  site	  infection	  is	  a	  type	  of	  healthcare-­‐associated	  infection	  
in	   which	   a	   wound	   infection	   occurs	   after	   an	   invasive	   surgical	   procedure.	   Antimicrobial	  
prophylaxis	  is	  used	  to	  reduce	  the	  incidence	  of	  postoperative	  wound	  infections.	  In	  2008	  the	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NICE	  commissioned	  the	  National	  Collaborating	  centre	  for	  Women’s	  and	  Children’s	  Health	  to	  
produce	  guidelines	  for	  the	  prevention	  and	  treatment	  of	  surgical	  site	  infection	  (NICE,	  2008).	  
They	  conducted	  a	  comprehensive	  review	  of	  the	  published	  evidence	  and	  produced	  guidelines	  
which	  included	  recommendations	  on	  the	  use	  of	  antibiotic	  prophylaxis	  (Table	  1.5).	  
Table	  1.5	  NICE	  recommendations	  for	  antibiotic	  prophylaxis	  (NICE,	  2008).	  
Give	  antibiotic	  prophylaxis	  to	  patients	  before	  
-­‐ Clean	  surgery	  involving	  the	  placement	  of	  a	  prosthesis	  or	  implant	  
-­‐ Clean-­‐contaminated	  surgery	  
-­‐ Contaminated	  surgery	  
Do	  not	  use	  antibiotic	  prophylaxis	  routinely	  for	  clean	  non-­‐prosthetic	  uncomplicated	  surgery	  
Use	   the	   local	   antibiotic	   formulary	   and	   always	   consider	   potential	   adverse	   effects	   when	  
choosing	  specific	  antibiotics	  for	  prophylaxis	  
Consider	  giving	  a	  single	  dose	  of	  antibiotic	  prophylaxis	  intravenously	  on	  starting	  anaesthesia	  
Before	  giving	  the	  antibiotic	  prophylaxis,	  consider	  timing	  and	  pharmacokinetics	  (for	  example,	  
the	   serum	   half-­‐life)	   and	   necessary	   infusion	   time	   of	   the	   antibiotic.	   Give	   a	   repeat	   dose	   of	  
antibiotic	  prophylaxis	  when	  the	  operation	  is	  longer	  than	  the	  half-­‐life	  of	  the	  antibiotic	  given.	  
Give	  antibiotic	  treatment	  (in	  addition	  to	  prophylaxis)	  to	  patients	  having	  surgery	  on	  a	  dirty	  or	  
infected	  wound.	  
Inform	   patients	   before	   the	   operation,	   whenever	   possible,	   if	   they	   need	   antibiotic	  
prophylaxis,	  and	  afterwards	  if	  they	  have	  been	  given	  antibiotics	  during	  their	  operation	  
	  
Standard	   anaesthetic	   protocol	   and	   opioid-­‐sparing	   analgesic	   techniques	   –	   The	   anaesthetic	  
technique	   should	   utilise	   short-­‐acting	   agents	   such	   remifentanil,	   to	   facilitate	   a	   faster	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postoperative	   recovery	   time.	   Different	   surgeries	   require	   different	   anaesthetic	   techniques.	  
When	  designing	  the	  anaesthetic	  protocol	  the	  guiding	  principles	  should	  be:	  
• Use	  of	  short-­‐acting	  anaesthetic	  agents	  with	  good	  recovery	  characteristics	  (e.g.	  short-­‐
acting	  muscle	  relaxants,	  inhalational	  agents,	  opioids)	  to	  facilitate	  rapid	  awakening	  
• Effective	   opioid-­‐sparing	   analgesia	   –	   including	   the	   use	   of	   regional	   techniques	   (e.g.	  
epidural,	  spinal),	  NSAIDs	  and	  paracetamol.	  
• Individualised	  goal-­‐directed	  fluid	  therapy	  	  
• Prevention	  and	  treatment	  of	  postoperative	  nausea	  and	  vomiting	  	  
• Prevention	  of	  perioperative	  hypothermia	  	  
The	   ERAS	   group	   recommends	   the	   use	   of	   epidural	   analgesia	   for	   open	   surgery.	   The	   use	   of	  
regional	   techniques,	  such	  as	  epidurals,	  has	  a	  number	  of	  potential	  benefits	   for	   the	  patient.	  
Regional	   techniques	   reduce	   the	   requirement	   for	   opioid	   analgesics	   which	   can	   delay	  
mobilisation,	  decrease	  appetite	  and	  can	  slow	  gastrointestinal	   recovery	   (Bisgaard	  &	  Kehlet,	  
2002).	   In	   a	   recent	   meta-­‐analysis	   of	   epidural	   analgesia	   versus	   parenteral	   opioids	   after	  
colorectal	   surgery,	   Marret	   and	   colleagues	   found	   that	   epidural	   analgesia	   significantly	  
reduced	   pain	   scores	   and	   the	   duration	   of	   postoperative	   ileus	   (Marret	   et	   al,	   2007).	   A	  
perioperative	  epidural	  blocks	  the	  increased	  sympathetic	  activity	  seen	  in	  response	  to	  severe	  
trauma	   or	  major	   surgery,	  which	   in	   turn	   can	   lead	   to	   a	   reduced	   incidence	   of	   perioperative	  
cardiac	  complications	  (Rodgers	  et	  al,	  2000).	  Furthermore,	  in	  their	  meta-­‐analysis	  of	  141	  trials,	  
Rodgers	  et	  al	   (2000)	  found	  that	  use	  of	  an	  epidural	  reduced	  the	  risk	  of	  patients	  developing	  
postoperative	   pneumonia,	   pulmonary	   embolism	   and	   deep	   vein	   thrombosis.	   However	   a	  
subsequent	  systematic	  review	  found	  there	  was	  insufficient	  evidence	  to	  confirm	  or	  deny	  the	  
ability	   of	   postoperative	   analgesic	   techniques	   to	   effect	   major	   postoperative	   morbidity	   or	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mortality	   (Lui	  &	  Wu	  2007).	  Finally,	  preoperative	  commencement	  of	  epidural	  analgesia	  has	  
been	  shown	  to	  reduce	  the	  plasma	  concentrations	  of	  catecholamines	  and	  cortisol	  and	  reduce	  
postoperative	  insulin	  resistance	  (Uchida	  et	  al,	  1988).	  
Laparoscopic/minimally	   invasive	   surgery	   –	   Laparoscopic/minimally	   invasive	   surgery	   offers	  
many	  potential	  benefits	  over	  the	  equivalent	  open	  techniques.	  There	  have	  been	  a	  number	  of	  
studies	   comparing	   both	   short-­‐term	   and	   long-­‐term	   outcomes	   in	   laparoscopic	   versus	   open	  
colonic	   resection.	   In	   2006	   a	   systematic	   review	   identified	   twelve	   RCTs	   comparing	  
laparoscopic	   and	   open	   colonic	   resection	   (Reza	   et	   al,	   2006).	   It	   found	   that	   laparoscopic	  
surgery	   was	   associated	   with	   significant	   improvement	   in	   short-­‐term	   outcomes	   including	  
reduced	  blood	  loss	  and	  pain;	  faster	  return	  of	  bowel	  function;	  earlier	  resumption	  of	  normal	  
diet;	  shorter	  length	  of	  hospital	  stay.	  No	  significant	  differences	  between	  the	  techniques	  were	  
noted	   in	  the	   incidence	  of	  complications	  or	  postoperative	  mortality	  or	   long-­‐term	  outcomes	  
such	  as	  cancer-­‐related	  mortality	  or	  disease	  recurrence.	  	  
A	  Cochrane	  database	   systematic	   review	   (Schwenk	  et	   al,	   2005)	   identified	   twenty-­‐five	  RCTs	  
comparing	   short-­‐term	   outcomes	   between	   laparoscopic	   and	   open	   colorectal	   surgery.	   It	  
found	  that	  the	   laparoscopic	  technique	  was	  associated	  with	  a	  reduced	  blood	  loss	  and	  pain;	  
improved	   pulmonary	   function	   (assessed	   by	  measuring	   vital	   capacity);	   shorter	   duration	   of	  
postoperative	   ileus;	   shorter	   length	  of	  hospital	   stay;	   improved	  quality	  of	   life.	   In	   addition	   it	  
found	   the	   incidence	   of	   postoperative	   wound	   infection	   was	   decreased:	   however	   the	  
incidence	   of	   general	   postoperative	   complications	   (pulmonary/cardiac,	   urinary	   tract	  
infections,	  VTE)	  and	  mortality	  were	  no	  different.	  
Several	  recent	  studies	  have	  compared	  the	  systemic	  impact	  of	  surgical	  stress	  caused	  by	  open	  
and	   laparoscopic	   surgery	   and	   have	   shown	   smaller	   elevations	   in	   serum	   IL-­‐6	   and	   CRP	   after	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laparoscopic	  surgery	  than	  after	  the	  open	  approach,	  suggesting	  a	  close	  relationship	  between	  
these	  acute	  inflammatory	  mediators	  and	  the	  degree	  of	  surgical	  trauma	  (Zerey	  et	  al,	  2006).	  
Ordermann	   et	   al	   (2001)	   randomized	   forty	   patients	   to	   either	   laparoscopic	   or	   open	   colon	  
resection	   and	   found	   peak	   plasma	   levels	   of	   IL-­‐6	   and	   TNF-­‐α	  were	   significantly	   lower	   in	   the	  
laparoscopic	   group.	   Although	   these	   cytokines	   are	   both	   important	   mediators	   of	   the	  
inflammatory	   and	   immune	   response,	   excess	   production	   of	   these	  may	   have	   a	   detrimental	  
effect	   on	   monocytes	   through	   overstimulation,	   rendering	   them	   less	   able	   to	   respond	   to	  
pathogens	  in	  the	  postoperative	  period	  (Zerey	  et	  al,	  2006).	  Additionally,	  elevations	  in	  serum	  
IL-­‐6	   levels	   have	   been	   correlated	   with	   the	   subsequent	   clinical	   development	   of	   major	  
complications	  (Vittemberga	  et	  al,	  1998).	  
Veenhof	  et	  al	  (2012)	  compared	  the	  inflammatory	  and	  immune	  response	  in	  79	  patients	  that	  
had	   undergone	   either	   open	   or	   laparoscopic	   colonic	   resection	   with	   either	   fast-­‐track	   or	  
standard	  perioperative	  care	  and	  found	  that	  postoperative	  IL-­‐6	  and	  CRP	  levels	  were	  lower	  in	  
patients	  who	   had	   had	   a	   laparoscopic	   procedure,	   regardless	   of	   aftercare.	   In	   addition	   they	  
showed	   that	   HLA-­‐DR	   expression	   on	   monocytes	   was	   higher	   in	   the	   laparoscopic	   group	  
indicating	  improved	  immune	  function	  compared	  to	  open	  surgery	  (Veenhof	  	  et	  al,	  2012)	  
Maintenance	   of	   normothermia	   –	   Perioperative	   hypothermia	   (core	   temperature	   <36°C)	  
increases	   the	   incidence	   of	   complications	   such	   as	   wound	   infection,	   cardiac	   events	   and	  
bleeding	   (Kurz	   et	   al,	   1996;	   Frank	   et	   al,	   1997;	   Scott	   and	   Buckland,	   2006).	  Management	   of	  
patients	   should	   adhere	   to	   the	   2008	   NICE	   guidelines	   for	   the	   management	   of	   inadvertent	  
perioperative	   hypothermia	   in	   adult	   patients.	   	   This	   advocates	   the	   routine	   use	   of	   patient	  
temperature	  monitoring	  and	  a	  variety	  of	  patient	  warming	  devices	  such	  as	  intravenous	  fluid	  
warmers,	  heating	  mattresses	  and	  forced-­‐air	  warming	  blankets.	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Rationalised	  perioperative	  fluid	  management	  –	  Optimal	  perioperative	  fluid	  management	   is	  
vital	   for	   producing	   the	   best	   outcomes	   following	   surgery.	   	   The	   goal	   of	   fluid	   therapy	   is	   to	  
maintain	   the	   correct	   intravascular	   volume	   so	   that	   end-­‐organ	   perfusion	   and	   ultimately	  
oxygen	  delivery	  is	  optimized.	  Too	  little	  fluid	  and	  the	  tissues	  may	  be	  hypoperfused	  leading	  to	  
complications,	  but	  too	  much	  fluid	  may	  lead	  to	  its	  accumulation	  in	  the	  lungs	  and	  gut	  causing	  
hypoxia,	   ileus	   and	   other	   complications	   (Varadhan	   and	   Lobo,	   2010).	   	   How	   optimal	   fluid	  
management	   is	   achieved	   continues	   to	   be	   a	   subject	   of	   controversy,	   with	   the	  main	   issues	  
being:	  
• What	  is	  the	  optimal	  volume	  of	  fluid	  to	  use?	  
• When	  is	  the	  optimal	  time	  to	  administer	  it?	  
• Which	  is	  the	  best	  fluid	  to	  use?	  
The	   general	   principles	   in	   enhanced	   recovery	   are	   to:	   keep	   the	   patient	   well	   hydrated	   by	  
minimizing	  preoperative	   fasting	   times	  and	  using	  oral	  carbohydrate	  preload;	  minimize	   fluid	  
shifts	   through	   avoiding	   the	   use	   of	   bowel	   preparation	   and	   using	   surgical	   techniques	   that	  
reduce	  the	  amount	  of	  bowel	  handling	  and	  blood	  loss;	  use	  intraoperative	  fluid	  management	  
technologies	  to	  deliver	  individualized	  goal-­‐directed	  fluid	  therapy	  (e.g.	  oesophageal	  Doppler	  
monitor	  (ODM));	  avoid	  postoperative	  iv	  fluids;	  encourage	  an	  early	  return	  to	  oral	  fluids	  and	  
diet	  postoperatively.	  	  
As	   each	   patient	   and	   each	   procedure	   is	   different	   it	   is	   vital	   that	   intraoperative	   fluid	  
management	   is	   tailored	   to	   the	   individual’s	   requirements.	   Recent	   years	   have	   seen	   the	  
emergence	   of	   a	   number	   of	   different	   technologies	   to	   assist	   in	   this	   process,	   perhaps	   the	  
principal	  amongst	  them	  being	  the	  oesophageal	  Doppler	  monitor	  (Deltex	  Medical,	  UK).	  2008	  
saw	  the	  publication	  of	   ‘The	  British	  Consensus	  Guidelines	  on	  Intravenous	  Therapy	  for	  Adult	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Surgery’	   (GIFTASUP)	  which	   recommended	   the	  use	  of	   flow-­‐based	   technology	   to	   assess	   the	  
stroke	  volume	  response	  to	  fluid	  therapy	  in	  patients	  undergoing	  some	  forms	  of	  orthopaedic	  
and	  abdominal	  surgery	  (Powell-­‐Tuck	  et	  al,	  2008)	  An	  RCT	  of	  108	  colorectal	  patients	  showed	  
that	  use	  of	  Oesophageal	  Doppler	  Monitor	  (ODM)-­‐guided	  fluid	  therapy	  significantly	  reduced	  
length	   of	   hospital-­‐stay	   and	   complications	   and	   in	   addition	   patients	   who	   received	   ODM-­‐
guided	  fluid	  therapy	  had	  a	  significantly	  reduced	  perioperative	   IL-­‐6	  response	  (Noblett	  et	  al,	  
2006).	   In	  2009	  a	  meta-­‐analysis	  of	  the	  use	  of	  ODM	  to	  target	  fluid	  therapy	   in	  major	  surgery	  
analysed	   data	   from	   sixteen	   RCTs	   and	   found	   that	   goal-­‐directed	   therapy	   reduced	   length	   of	  
hospital	  stay	  and	  complications	  (Giglio	  et	  al,	  2009).	  Then	  in	  2011	  NICE	  published	  guidelines	  
for	  the	  use	  of	  ODM	  (NICE	  2011)	  which	  contained	  the	  following	  recommendations:	  
‘1.1	   The	  case	   for	  adopting	  the	  CardioQ-­‐ODM	  in	  the	  NHS,	  when	  used	  as	  described	   in	  1.2	  
(see	   below),	   is	   supported	   by	   the	   evidence.	   There	   is	   a	   reduction	   in	   post-­‐operative	  
complications,	  use	  of	  central	  venous	  catheters	  and	  in-­‐hospital	  stay	  (with	  no	  increase	  
in	   the	   rate	   of	   re-­‐admission	   or	   repeat	   surgery)	   compared	  with	   conventional	   clinical	  
assessment	  with	  or	  without	   invasive	  cardiovascular	  monitoring.	  The	  cost	  saving	  per	  
patient,	  when	  the	  CardioQ-­‐ODM	  is	  used	   instead	  of	  a	  central	  venous	  catheter	   in	  the	  
peri-­‐operative	  period,	  is	  about	  £1100	  based	  on	  a	  7.5-­‐day	  hospital	  stay.	  
1.2	   The	  CardioQ-­‐ODM	  should	  be	  considered	  for	  use	  in	  patients	  undergoing	  major	  or	  high-­‐
risk	   surgery	   or	   other	   surgical	   patients	   in	   whom	   a	   clinician	   would	   consider	   using	  
invasive	  cardiovascular	  monitoring.’	  
Other	   minimally	   invasive	   cardiac	   output	   monitors	   are	   available	   (using	   arterial	   waveform	  
analysis	  or	  thoracic	  bio-­‐impedance)	  but	  large-­‐scale	  RCTs	  of	  these	  do	  not	  exist	  at	  present.	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Finally	   the	   debate	   over	   which	   is	   the	   best	   type	   of	   fluid	   to	   use	   (i.e.	   ‘crystalloid’	   fluids	  
containing	  water	  and	   soluble	  electrolytes	   versus	   ‘colloid’	   fluids	   containing	   larger	   insoluble	  
molecules	  such	  as	  gelatin)	  has	  continued	  for	  many	  years	  with	  the	  most	  recent	  development	  
being	   the	   publication	   of	   a	   Cochrane	   review	   in	   2013	   examining	   the	   use	   of	   colloids	   versus	  
crystalloids	  for	  fluid	  resuscitation	  in	  critically	  ill	  patients	  and	  their	  effect	  on	  mortality	  (Perel	  
et	  al,	  2013).	  The	  review	  examined	  mortality	  data	  from	  67	  RCTs	  and	  found	  that	  there	  was	  no	  
evidence	  that	  using	  colloids	  instead	  of	  crystalloids	  for	  fluid	  resuscitation	  reduces	  the	  risk	  of	  
death	  in	  patients	  with	  trauma,	  burns	  or	  following	  surgery.	   
	  Selective	   use	   of	   drains	   –	   in	   colorectal	   surgery	   it	   had	  become	   common	   to	   routinely	   insert	  
peritoneal	   drains	   at	   the	   conclusion	   of	   surgery,	   with	   the	   intention	   of	   reducing	   the	   risk	   of	  
anastomotic	  leakage.	  However	  a	  systematic	  review	  and	  meta-­‐analysis	  found	  that	  there	  was	  
insufficient	  evidence	  for	  this	  practice	  and	  hence	  the	  routine	  use	  of	  peritoneal	  drains	  should	  
be	  avoided	  (Karliczek	  et	  al	  2006).	  In	  liver	  resection	  surgery,	  the	  main	  reasons	  for	  inserting	  a	  
drain	   are;	   prevention	   of	   sub-­‐phrenic	   or	   sub-­‐hepatic	   fluid	   collection;	   identification	   and	  
monitoring	   of	   postoperative	   bleeding;	   identification	   and	   drainage	   of	   any	   bile	   leak;	  
prevention	  of	  the	  accumulation	  of	  ascitic	  fluid	  in	  patients	  with	  cirrhosis.	  In	  2007	  a	  Cochrane	  
database	  systematic	  review	  of	  routine	  abdominal	  drainage	  for	  uncomplicated	  liver	  resection	  
found	  no	  evidence	   to	   support	   routine	  drain	  use	   (Gurusamy	  et	  al,	  2007).	  When	  comparing	  
drain	   versus	   no	   drain	   they	   found	   no	   statistically	   significant	   difference	   between	   the	   two	  
groups	   for	   mortality,	   intra-­‐abdominal	   collections,	   wound	   infection,	   ascitic	   leakage	   or	  
hospital	  stay.	  	  
Early	  removal	  of	  urinary	  catheters	  -­‐	  Urinary	  catheters	  are	  often	  used	  following	  major	  surgery	  
to	  monitor	  urinary	  output.	  The	  required	  duration	  of	  catheterization	  will	  vary	  depending	  on	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individual	  patient	  need	  and	  the	  type	  of	  surgery	  performed,	  however	  urinary	  catheters	  are	  a	  
hindrance	  to	  mobilization	  and	  the	  risk	  of	  urinary	  tract	  infection	  rises	  with	  the	  length	  of	  time	  
the	   catheter	   remains	   in	   situ	   (Zaouter	   et	   al,	   2009).	   Therefore	   urinary	   catheters	   should	   be	  
removed	  as	  early	  as	  possible	  after	  surgery. 
No	  routine	  use	  of	  nasogastric	  tubes	  –	  A	  Cochrane	  database	  systematic	  review	  analysed	  data	  
from	   33	   studies,	   comprising	   5240	   patients	   having	   abdominal	   operations	   and	   found	   that	  
patients	   who	   did	   not	   have	   a	   nasogastric	   tube	   inserted	   routinely	   had	   an	   earlier	   return	   of	  
bowel	  function	  and	  a	  decrease	  in	  pulmonary	  complications	  (Nelson	  et	  al,	  2007).	  In	  addition	  
to	   this,	   use	  of	   a	  nasogastric	   tube	  did	  not	   reduce	   the	   incidence	  of	   anastomotic	   leakage	  or	  
show	  any	  other	  beneficial	  effect.	  A	   further	  meta-­‐analysis	   (Rao	  et	  al,	  2011)	  concurred	  with	  
this	   earlier	   work.	   There	   is	   no	   rationale	   for	   the	   routine	   insertion	   of	   nasogastric	   tubes	   in	  
abdominal	  surgery	  and	  this	  should	  be	  avoided.	  
Aggressive	   treatment	   of	   postoperative	   nausea	   and	   vomiting	   –	   The	   incidence	   of	   PONV	   in	  
surgical	  patients	  has	  been	  estimated	  at	  20-­‐30%,	  rising	  to	  70-­‐80%	  in	  high-­‐risk	  patients	  (Gan	  
et	   al,	   2007).	   Patients	   affected	   often	   have	   a	   slower	   return	   to	   normal	   oral	   intake	   and	   a	  
delayed	  hospital	   discharge.	   In	   addition	   PONV	   is	   a	   leading	   cause	   of	   patient	   dissatisfaction.	  
Enhanced	   recovery	   advocates	   the	   use	   of	   a	   multimodal	   approach	   to	   PONV	   prophylaxis	  
(Chandrakantan	  and	  Glass,	  2011).	  The	  first	  step	  is	  to	  identify	  those	  patients	  at	  increased	  risk	  
of	  PONV.	  Risk	  factors	  can	  be	  divided	  into	  patient,	  anaesthetic	  and	  surgical.	  	  
• Patient	  –	  history	  of	  PONV,	  female,	  non-­‐smoker	  
• Anaesthetic	  –	  nitrous	  oxide,	  volatiles,	  parenteral	  opioids	  
• Surgical	  –	  prolonged	  surgery,	  type	  of	  surgery	  (e.g.	  gynaecological)	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In	   addition	  all	   efforts	   should	  be	  made	   to	   avoid/minimize	  potentially	   emetogenic	   stimuli	   –	  
avoid	   use	   of	   nitrous	   oxide,	   avoid	   volatiles	   (consider	   propofol-­‐based	   anaesthesia),	   use	  
regional	  analgesic	  techniques	  and	  NSAIDs	  (opioid-­‐sparing	  analgesia),	  minimise	  fasting	  times,	  
keep	  patients	  adequately	  hydrated.	  	  
Finally	  the	  use	  of	  intraoperative	  anti-­‐emetics	  should	  be	  considered	  and	  postoperative	  first-­‐
line	  and	  rescue	  anti-­‐emetics	  prescribed	  routinely.	  The	  commonly	  available	  pharmacological	  
treatments	  can	  be	  divided	  into	  four	  main	  sub-­‐types:	  
• Dopaminergic	  –	  e.g.	  metoclopramide,	  droperidol	  
• Cholinergic	  –	  e.g.	  hyoscine	  
• Histaminergic	  –	  e.g.	  cyclizine	  
• Serotonergic	  –	  e.g.	  ondansetron,	  granisetron	  
In	   addition	   there	   is	   good	   evidence	   for	   the	   use	   of	   dexamethasone	   in	   PONV	   prophylaxis	  
(Karanicolas	   et	   al,	   2008)	   although	   some	   remain	   concerned	   that	   its	   immuno-­‐suppressive	  
effect	  may	   have	   an	   impact	   on	   longer-­‐term	   outcomes	   in	   cancer	   surgery	   (Gottschalk	   et	   al,	  
2010;	  Snyder	  &	  Greenberg,	  2010).	  
Prevention	   of	   postoperative	   ileus	   –	   Postoperative	   ileus	   is	   a	   transient	   phenomenon	   that	  
occurs	   following	   abdominal	   surgery	  which,	  when	  present	  may	   cause	   a	   significant	  delay	   in	  
discharge	   from	  hospital.	  As	   the	  enhanced	   recovery	  approach	  was	  originally	  developed	   for	  
colorectal	   surgery,	  one	  of	   the	  key	  objectives	  has	  been	  to	  prevent/reduce	   the	   incidence	  of	  
postoperative	  ileus.	  Many	  of	  the	  elements	  of	  enhanced	  recovery	  are	  included	  as	  they	  have	  
an	  impact	  on	  this,	  namely:	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• Effective	   opioid-­‐sparing	   analgesia	   –	   regional	   anaesthetic	   techniques,	   NSAIDs.	  
Reducing	   the	   amount	   of	   parenteral	   opioids	   a	   patient	   receives	   ameliorates	   their	  
impact	  on	  gut	  motility.	  
• Goal-­‐directed	   fluid	   therapy	   –	   optimizes	   splanchnic	   blood	   flow	   and	  oxygen	  delivery	  
whilst	  avoiding	  the	  negative	  impact	  of	  fluid	  overload	  on	  gut	  function.	  
• Avoidance	  of	  nasogastric	  intubation.	  
• Minimally	  invasive/laparoscopic	  surgery	  –	  reduced	  trauma	  and	  bowel	  handling. 
 
In	   addition	   there	   has	   been	   some	   interest	   in	   the	   use	   of	   oral	   laxatives	   to	   enhance	  
postoperative	   bowel	   function.	   A	   double-­‐blinded	   RCT	   of	   53	   hysterectomy	   patients	  
demonstrated	   a	   reduced	   time	   to	   postoperative	   defecation	   in	   those	   patients	   treated	  with	  
oral	   magnesium	   oxide	   (Hansen	   et	   al,	   2007)	   although	   another	   small,	   randomised	   trial	   of	  
magnesium	  oxide	  in	  49	  colorectal	  patients	  found	  no	  significant	  difference	  between	  groups	  
(Andersen	  et	  al,	  2012).	  Further	  large	  scale	  RCTs	  in	  this	  area	  are	  required.	  
Perioperative	  nutritional	  support	  –	  Malnutrition	  in	  hospitalized	  patients	  is	  common	  with	  an	  
estimated	   prevalence	   of	   27%-­‐45%	   (Naber	   et	   al,	   1997;	   Westergren	   et	   al,	   2009).	   Poor	  
nutritional	  status	  is	  associated	  with	  impaired	  healing,	  impaired	  immune	  function	  and	  muscle	  
wasting	  resulting	  in	  increased	  morbidity	  and	  mortality	  (Giner	  et	  al,	  1996;	  Naber	  et	  al,	  1997;	  
Weimann	  et	  al,	  2006).	   In	  2006	  the	  European	  Society	  for	  Clinical	  Nutrition	  and	  Metabolism	  
(ESPEN)	   published	   guidelines	   for	   perioperative	   nutritional	   management	   of	   patients	  
undergoing	   major	   surgery.	   These	   included	   the	   recommendation	   that	   patients	   at	   risk	   of	  
malnutrition	   should	   be	   given	   preoperative	   nutritional	   support,	   given	   orally	   if	   possible	  
(Weimann	   et	   al,	   2006).	   Patients	   were	   deemed	   to	   be	   at	   severe	   nutritional	   risk	   in	   the	  
presence	  of	  one	  of	  the	  following;	  weight	  loss	  >10–15%	  in	  the	  last	  6	  months;	  BMI	  <18.5	  kg.m-­‐
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2;	   serum	   albumin	   <30	   g.dl-­‐1;	   Subjective	   Global	   Assessment	   (SGA)	   grade	   C.	   The	   SGA	   is	   a	  
clinical	  tool	  first	  described	  by	  Baker	  et	  al	  (1982),	  which	  assesses	  nutritional	  status	  based	  on	  
features	   of	   the	   history	   and	   physical	   examination	   (Table	   1.6).	   Based	   on	   the	   findings,	   the	  
assessor	  then	  assigns	  the	  patient	  one	  of	  three	  grades;	  A	  –	  well	  nourished;	  B	  –	  moderately	  
malnourished;	  C	  –	  severely	  malnourished.	  
Table	  1.6	  Components	  of	  the	  Subjective	  Global	  Assessment	  tool	  (Baker	  et	  al,	  1982)	  
History	   Physical	  Examination	  
Weight	  loss	  
-­‐ Overall	  loss	  in	  last	  6	  months	  
-­‐ Change	  in	  the	  past	  2	  weeks	  
Loss	  of	  subcutaneous	  fat	  
Muscle	  wasting	  
Ankle	  oedema	  
Dietary	  intake	  change	  
-­‐ increase,	  decrease	  or	  no	  change	  
Sacral	  oedema	  
Ascites	  
Gastrointestinal	  symptoms	  for	  >	  2	  weeks	  
-­‐ none,	   nausea	   and	   vomiting,	  
diarrhoea,	  anorexia	  
	  
Functional	  capacity	  
-­‐ no	  dysfunction	  vs	  dysfunction	  
	  
Disease	  and	  it’s	  relation	  to	  nutritional	  status	  
-­‐ primary	  diagnosis	  
-­‐ metabolic	  demand	  
	  
	  
In	   addition,	   nutritional	   support	   was	   recommended	   in	   patients	   without	   obvious	   under	  
nutrition	   if	   it	   is	   anticipated	   that	   they	   will	   be	   unable	   to	   eat	   for	   more	   than	   seven	   days	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perioperatively,	  or	  will	  not	  be	  able	  to	  maintain	  oral	  intake	  >60%	  of	  recommended	  for	  more	  
than	  10	  days	  (Weimann	  et	  all,	  2006).	  
Postoperative	   glucose	   control	   –	   Increased	   insulin	   resistance	   and	   elevated	   glucose	   levels	  
postoperatively	   are	   associated	   with	   increased	   morbidity	   and	   mortality	   following	   major	  
abdominal	   surgery	   (Jackson	  et	   al,	   2012).	  Maintaining	  good	  glycaemic	   control	  using	   insulin	  
therapy	   improves	   outcomes	   in	   post-­‐surgical	   intensive	   care	   patients.	   However	   use	   of	  
intravenous	   insulin	   carries	   a	   significant	   risk	   of	   hypoglycaemia	   (Finfer	   et	   al,	   2009).	   ERAS	  
recommendations	   include	  that	  patients	  should	  recommence	  oral	  dietary	   intake	  as	  soon	  as	  
possible	  following	  surgery	  (typically	  postoperative	  day	  1)	  and	  an	  analysis	  of	  120	  colorectal	  
patients	   on	   an	   ERAS	   pathway	   showed	   that	   glucose	   levels	   were	   higher	   after	   food	   intake	  
compared	  with	  morning	  fasting	  levels	  (Gustaffson	  et	  al,	  2009).	  However	  a	  smaller	  study	  of	  
18	  colorectal	  patients	  given	   immediate	  postoperative	  enteral	  feeding	  showed	  that	  glucose	  
levels	   were	   maintained	   within	   normal	   limits	   without	   the	   need	   for	   postoperative	   insulin	  
treatment	  (Soop	  et	  al,	  2004).	  	  
Early	   mobilisation	   –	   Prolonged	   immobilization	   following	   surgery	   increases	   the	   risk	   of	  
complications	   such	   pneumonia,	   thromboembolism	   and	   muscle	   weakness	   (Convertino,	  
1997).	   By	   encouraging	   the	   patient	   to	   mobilise	   early	   after	   surgery	   these	   risks	   may	   be	  
ameliorated	  however	  an	  RCT	  of	  119	  colorectal	  patients	  showed	  that	  postoperative	  muscular	  
training	  exercises	  had	  little	  effect	  on	  protein	  and	  energy	  intake,	  body	  composition	  or	  long-­‐
term	  outcomes	  (Houberg	  et	  al,	  2005).	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1.6	   Enhanced	  recovery	  in	  open	  liver	  resection	  surgery	  
To	  review	  the	  current	  evidence	  for	  the	  use	  of	  enhanced	  recovery	  programmes	  in	  open	  liver	  
resection	  surgery	  a	  literature	  search	  was	  conducted.	  Databases	  included	  in	  the	  search	  were	  
Medline,	  Embase	  and	  the	  Cochrane	  Library.	  The	  search	  was	  carried	  out	  using	  the	  following	  
terms:	   (“fast	   track	   surg*”	  OR	   “enhanced	   recovery”	  OR	   “multimodal	   surg*”	  OR	   “fast	   track	  
adj4	   surg*”	   OR	   “fast	   track”	   OR	   “critical	   pathway”	   OR	   “critical	   pathways”	   OR	   “clinical	  
pathway”	  OR	  “clinical	  pathways”	  OR	  “early	  discharge”)	  AND	  (“liver	   resection”	  OR	  “hepatic	  
resection”	   OR	   “hepat*	   surg*”	   OR	   “liver	   surg*”	   OR	   “hepat*	   adj4	   surg*”).	   The	   titles	   and	  
abstracts	  were	  reviewed	  and	  relevant	  papers	  identified.	  
Studies	  were	  only	  included	  if	  they	  met	  the	  following	  criteria:	  
§ Adult	  patients	  undergoing	  elective	  liver	  resection	  for	  benign	  or	  malignant	  disease	  
§ Comparison	  of	  enhanced	  recovery	  (fast-­‐track/multimodal)	  with	  conventional	  care	  
§ Published	  in	  English	  
Studies	  regarding	  liver	  transplantation	  were	  not	  included.	  Unpublished	  data	  and	  conference	  
abstracts	  were	  excluded.	  
This	  strategy	  yielded	  36	  results,	  10	  of	  which	  were	  duplicates.	  The	  abstracts	  of	  the	  remaining	  
26	  studies	  were	  reviewed	  as	  result	  of	  which	  a	  further	  12	  were	  excluded	  for	  not	  meeting	  the	  
inclusion	   criteria	   (six	  were	   not	   related	   to	   liver	   resection	   surgery,	   five	   did	   not	   include	   any	  
elements	  of	  an	  enhanced	  recovery	  programme,	  one	  was	  regarding	  liver	  transplantation).	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Figure	  1.2	  Search	  strategy	  for	  papers	  of	  enhanced	  recovery	  in	  open	  liver	  resection	  surgery	  
Upon	  review	  of	  the	  full	  text	  of	  the	  remaining	  14	  studies,	  seven	  were	  conference	  abstracts,	  
one	  was	  a	  comparison	  of	  analgesic	  techniques	  and	  two	  made	  no	  comparison	  of	  enhanced	  
recovery	   with	   conventional	   care.	   	   Of	   the	   remaining	   four	   studies,	   one	   was	   a	   systematic	  
review	   of	   fast-­‐track	   programmes	   for	   hepatopancreatic	   resections.	   Only	   three	   original	  
articles	  met	  the	  inclusion	  criteria,	  as	  listed	  in	  Table	  1.7.	  
	  
Medline,	  Embase,	  The	  Cochrane	  
Library	  databases	  
36	  studies	  identified	  by	  search	  
strategy	  
26	  
14	  
4	  
3	  
Exclusion	  of	  duplicates	  (10)	  
Exclusion	  based	  on	  abstracts	  
-­‐ Not	  meeting	  inclusion	  criteria	  (11)	  
-­‐ Transplantation	  (1)	  
	  
Exclusion	  based	  on	  full	  text	  
-­‐ Conference	  abstracts	  (7)	  
-­‐ Not	  meeting	  inclusion	  criteria	  (3)	  
Systematic	  review	  (1)	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The	   systematic	   review	   (Spelt	   et	   al,	   2011)	   examines	   the	   evidence	   for	   enhanced	   recovery	  
programmes	  in	  hepatic	  and	  pancreatic	  resections.	  Of	  the	  seven	  studies	  they	  identified,	  four	  
were	   regarding	   enhanced	   recovery	   programmes	   used	   for	   pancreatic	   surgery,	   with	   the	  
remaining	   three	   regarding	   liver	   surgery	   (van	  Dam	  et	   al,	   2008;	   Stoot	   et	   al,	   2009;	   Lin	   et	   al,	  
2011).	   This	   concurs	  with	   results	   of	   the	   literature	   search	  performed	  here,	  which	   identified	  
the	  same	  three	  studies.	  
Table	   1.7	   summarises	   the	   characteristics	   of	   the	   existing	   studies	   investigating	   enhanced	  
recovery	   programmes	   for	   liver	   resection	   surgery.	   All	   three	   studies	   identified	  were	   cohort	  
studies.	  The	  level	  of	  evidence	  was	  rated	  according	  to	  the	  Oxford	  Centre	  for	  Evidence-­‐based	  
Medicine	  Levels	  of	  Evidence	  (OCEBM	  levels	  of	  evidence	  working	  group,	  2011).	  	  
Van	   Dam	   and	   colleagues	   (Van	   Dam	   et	   al,	   2008)	   looked	   at	   61	   consecutive	   patients	  
undergoing	  going	  open	   liver	   resection	  using	  an	  enhanced	   recovery	  protocol.	   The	  protocol	  
included	   the	   following	   elements;	   preadmission	   counselling;	   no	   bowel	   preparation;	  
preoperative	  fasting	  and	  preoperative	  carbohydrate	  loading;	  no	  anaesthetic	  premedication;	  
VTE	  prophylaxis;	  antibiotic	  prophylaxis;	  epidural	  analgesia;	  prevention	  of	  PONV;	  no	  routine	  
nasogastric	   tubes;	   prevention	   of	   intraoperative	   hypothermia;	   fluid	   restriction;	   no	   surgical	  
drains;	   no	   systemic	   opioids;	   postoperative	   nutritional	   care;	   early	   mobilisation.	   Outcomes	  
were	   compared	   with	   those	   of	   a	   consecutive	   series	   of	   100	   patients	   who	   underwent	   liver	  
resection	  prior	  to	  the	  start	  of	  the	  study.	   It	   is	  worth	  noting	  that	  the	  authors	  do	  not	  specify	  
exactly	  what	  perioperative	  care	  this	  control	  group	  received,	  only	  that	  no	  protocol	  existed	  at	  
the	  time	  of	  their	  surgery.	  The	  endpoints	  were;	  postoperative	  length	  of	  hospital	  stay,	  defined	  
as	  the	  number	  of	  nights	  spent	  in	  hospital,	  including	  nights	  after	  readmission	  within	  30	  days	  
of	  surgery;	  postoperative	  resumption	  of	  oral	  intake,	  defined	  as	  oral	  intake	  of	  water	  or	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Table	  1.7	  Characteristics	  of	  existing	  studies.	  ER,	  enhanced	  recovery;	  S,	  standard	  care.	  Adapted	  from	  
Spelt	  et	  al	  (Spelt	  et	  al,	  2011).	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normal	   food	  without	   discontinuation	   for	   at	   least	   24	   hours;	   readmissions;	   total	  morbidity,	  
defined	  as	  complications	  related	  to	  the	  liver	  surgery	  within	  90	  days;	  death	  within	  90	  days	  of	  
surgery.	   They	   demonstrated	   a	   significant	   reduction	   in	   median	   length	   of	   stay	   in	   the	  
treatment	  group	  from	  eight	  to	  six	  days	  (P	  <	  0.001),	  as	  well	  as	  a	  significant	  reduction	  in	  the	  
median	  time	  until	  resumption	  of	  oral	  intake	  from	  three	  days	  in	  the	  control	  group	  to	  one	  day	  
in	   the	   treatment	   group	   (P	   <	   0.001).	   There	   was	   no	   difference	   in	   morbidity,	   mortality	   or	  
readmissions.	  	  
Lin	  and	  colleagues	  (2011)	  looked	  at	  117	  patients	  undergoing	  open	  liver	  resection	  surgery,	  56	  
of	   which	   underwent	   a	   ‘fast-­‐track’	   programme,	   the	   remaining	   61	   having	   the	   traditional	  
perioperative	   care	   provided	   by	   their	   department.	   Elements	   of	   the	   ‘fast-­‐track’	   programme	  
were;	   education	   of	   patients	   and	   families;	   earlier	   oral	   feeding;	   earlier	   discontinuation	   of	  
intravenous	   fluids;	   no	   drains	   or	   nasogastric	   tubes;	   early	   ambulation;	   use	   of	   a	   urinary	  
catheter	  for	  less	  than	  24	  hours;	  planned	  discharge	  6	  days	  after	  surgery.	  Outcome	  measures	  
were;	   postoperative	   length	   of	   stay	   (including	   readmission);	   postoperative	   complications,	  
within	  30	  days	  of	  surgery;	  postoperative	  mortality,	  within	  30	  days	  of	  surgery;	   readmission	  
date,	   within	   30	   days	   of	   discharge;	   average	   perioperative	   hospital	   charges.	   They	   too	  
demonstrated	  a	  significantly	  reduced	  median	  length	  of	  stay	   in	  the	  treatment	  group	  (seven	  
vs	  11	  days,	   P	   <	  0.01)	  with	  no	  differences	   in	   the	  morbidity,	  mortality	  or	   readmission	   rates	  
between	  groups.	   In	   addition	   the	   cost	   analysis	   showed	  a	   significantly	   reduction	   in	  hospital	  
charges	  for	  patients	  in	  the	  treatment	  group.	  	  
Finally,	   Stoot	   and	   colleagues	   (2009)	   investigated	   the	   use	   of	   an	   enhanced	   recovery	  
programme	   for	   patients	   having	   laparoscopic	   liver	   resection.	   They	   collected	   data	   from	   13	  
patients	   receiving	   an	   enhanced	   recovery	   programme	   and	   compared	   it	   with	   data	   from	   a	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historical	  control	  group	  of	  13	  patients.	  They	  found	  no	  significant	  difference	  between	  groups	  
in	  postoperative	  length	  of	  stay	  or	  complications.	  	  
It	  is	  clear	  from	  this	  review	  of	  the	  existing	  published	  data	  for	  enhanced	  recovery	  in	  open	  liver	  
resection	  surgery	  that	  further	  research	  is	  needed.	  To	  date	  there	  are	  only	  three	  studies	  that	  
have	  looked	  at	  enhanced	  recovery	  in	  liver	  resection	  surgery	  and	  only	  two	  concerning	  open	  
liver	   resection	  surgery.	  Both	  of	   these	  are	  observational	   cohort	   studies,	  one	  of	  which	  used	  
historical	  controls	  for	  its	  comparison	  group.	  There	  are	  no	  published	  randomised	  controlled	  
trials.	   None	   of	   these	   studies	   made	   any	   analysis	   of	   the	   stress	   response	   following	   liver	  
resection	  surgery	  in	  the	  context	  of	  an	  enhanced	  recovery	  programme.	  	  
	  
1.7	   Justification	  for	  the	  study	  
From	  its	  original	  development	  in	  the	  1990s	  the	  enhanced	  recovery	  approach	  has	  continued	  
to	   evolve,	   gaining	   increasing	   popularity	   across	   the	   NHS.	   The	   success	   of	   the	   enhanced	  
recovery	  approach	  has	  led	  to	  it	  being	  endorsed	  by	  both	  the	  Department	  of	  Health	  and	  NHS	  
England	  as	  the	  recommended	  standard	  of	  care	  for	  patients	  undergoing	  elective	  procedures	  
in	   orthopaedic,	   colorectal,	   gynaecological	   and	   urological	   surgery.	   In	   addition	   there	   is	   a	  
growing	   interest	   in	   using	   enhanced	   recovery	   pathways	   for	   other	   surgical	   specialties	  
although	  to	  date	  most	  of	   the	  evidence	  supporting	  enhanced	  recovery	  programmes	  comes	  
from	  colorectal	   surgery.	   The	   literature	   review	   revealed	  no	   randomised	   controlled	   trials	  of	  
enhanced	  recovery	  in	  liver	  resection	  surgery	  (see	  section1.6).	  
A	   fundamental	   principle	   of	   the	   enhanced	   recovery	   approach	   is	   the	   implementation	   of	  
perioperative	   interventions,	   which	  modify	   the	   stress	   response	   thereby	   improving	   patient	  
recovery.	  However	  evidence	  for	  whether	  and	  how	  each	  element	  achieves	  this	  is	  mixed	  and	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the	   overall	   impact	   of	   an	   enhanced	   recovery	   programme	   on	   the	   postoperative	   stress	  
response	  is	  unknown	  (see	  section	  1.5).	  	  Only	  two	  studies	  have	  examined	  the	  stress	  response	  
following	   an	   enhanced	   recovery	   programme	   compared	  with	   standard	   care.	   Veenhof	   et	   al	  
(2012)	  analysed	  perioperative	  blood	  samples	  for	  markers	  of	  the	  stress	  response	  -­‐	  IL-­‐6,	  CRP,	  
HLA-­‐DR	   and	   growth	   hormone	   -­‐	   from	   79	   patients	   undergoing	   colorectal	   surgery,	   either	  
laparascopically	  or	  open,	  and	  either	  fast	  track	  or	  standard	  perioperative	  care.	  They	  found	  a	  
reduction	  of	  IL-­‐6	  response	  in	  patients	  undergoing	  a	  laparoscopic	  procedure	  compared	  with	  
open	   surgery,	   independent	   of	   aftercare,	   however	   the	   numbers	   in	   each	   group	  were	   small	  
and	   not	   randomised	   and	   the	   fast-­‐track	   pathway	   did	   not	   represent	   a	   complete	   enhanced	  
recovery	  programme.	   In	   the	   same	  year,	  Ren	  et	  al	   (2012)	  examined	   the	   stress	   response	   in	  
676	  patients	  having	  colorectal	  surgery	  with	  either	  ERAS	  or	  standard	  care.	  However	  the	  ERAS	  
group	   contained	   some	   unconventional	   elements	   such	   as	   Chinese	   herbal	   medicine	   and	  
acupuncture	   and	   there	   was	   no	   protocolised	   use	   of	   either	   goal-­‐directed	   fluid	   therapy	   or	  
opioid-­‐sparing/regional	  analgesia.	  	  In	  addition,	  the	  standard	  care	  group	  were	  not	  permitted	  
to	  eat	  until	  they	  had	  passed	  flatus	  and	  were	  not	  prevented	  from	  developing	  intraoperative	  
hypothermia	  -­‐	  arguably	  representing	  a	  ‘sub-­‐standard	  care’	  group.	  It	  is	  also	  of	  note	  that	  this	  
study	  did	  not	  directly	  compare	  the	  stress	  response	  between	  groups.	  	  
This	   study	   will	   be	   the	   first	   randomised	   controlled	   trial	   to	   directly	   compare	   the	   stress	  
response	   between	   patients	   undergoing	   open	   liver	   resection	   with	   a	   comprehensive	  
enhanced	  recovery	  program	  versus	  those	  having	  standard	  perioperative	  care.	  	  By	  comparing	  
the	   stress	   response	   following	   enhanced	   recovery	   with	   that	   following	   standard	   care	   in	   a	  
randomised	   control	   trial	   we	   will	   be	   able	   to	   detail	   for	   the	   first	   time	   what	   changes	   are	  
produced	   and	   how	   these	   changes	   correlate	   with	   any	   alterations	   to	   clinical	   outcomes	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between	  groups.	   In	  addition,	  by	  detailing	  the	  stress	  response	  following	  both	  types	  of	  care	  
we	  may	  begin	  to	  gain	  in	  insight	  into	  which	  markers	  of	  the	  stress	  response	  are	  most	  useful	  to	  
measure	  and	  how	  enhanced	  recovery	  might	  impact	  longer-­‐term	  outcomes.	  	  
	  
1.8	   Hypotheses	  
The	  primary	  hypothesis	  for	  this	  study	  is:	  
H1:	  The	  use	  of	  an	  enhanced	  recovery	  programme	  alters	  the	  stress	  response	  compared	  with	  
the	  use	  of	  standard	  perioperative	  care	  following	  open	  liver	  resection.	  
H0:	   The	   type	   of	   perioperative	   care	   pathway	   has	   no	   effect	   on	   the	   postoperative	   stress	  
response	  following	  open	  liver	  resection.	  
The	  secondary	  hypotheses	  for	  this	  study	  are:	  
H1:	   The	   use	   of	   an	   enhanced	   recovery	   programme	   alters	   the	   immunological	   response	  
compared	  with	  the	  use	  of	  standard	  perioperative	  care	  following	  open	  liver	  resection.	  
H0:	   The	   type	   of	   perioperative	   care	   pathway	   has	   no	   effect	   on	   the	   postoperative	  
immunological	  response	  following	  open	  liver	  resection.	  
H1:	   An	   enhanced	   recovery	   programme	   reduces	   the	   incidence	   of	   postoperative	  morbidity	  
compared	  to	  the	  use	  of	  standard	  perioperative	  care	  following	  open	  liver	  resection.	  
H0:	  The	   type	  of	  perioperative	   care	  pathway	  has	  no	  effect	  on	   the	  postoperative	  morbidity	  
following	  open	  liver	  resection.	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1.9	   Aims	  
Patients	  will	  be	  divided	  into	  two	  groups,	  those	  receiving	  an	  enhanced	  recovery	  programme	  
(ERP)	  and	  those	  receiving	  the	  standard	  perioperative	  care	  (control	  group).	  	  
The	   stress	   response	   will	   be	   measured	   in	   all	   patients	   by	   analysis	   of	   blood	   samples	   taken	  
preoperatively	  and	  at	   fixed	   times	  postoperatively.	   The	  blood	   samples	  will	   be	  analysed	   for	  
levels	  of	  markers	  of	  the	  stress	  response	  (a	  panel	  of	  cytokines,	  hormones	  and	  glucose).	  The	  
primary	  outcome	  variable	  will	  be	  IL-­‐6.	  
The	   immunological	   response	  will	   be	  measured	   by	   analysis	   of	   blood	   samples	   for	   levels	   of	  
several	  immune	  cell	  types.	  
Postoperative	   morbidity	   will	   measured	   by	   analysis	   of	   data	   collected	   prospectively	   from	  
patient	  hospital	  records	  and	  through	  use	  of	  the	  postoperative	  morbidity	  survey	  (POMS)	  
	  
1.10	   Objectives	  
Serum	  concentrations	  of	  cytokine	  markers	  of	  the	  stress	  response	  will	  be	  measured	  using	  a	  
multiplex	  bead	  immunoassay	  technique	  combined	  with	  flow	  cytometric	  analysis.	  Cytokines	  
measured	  will	  be	  IL-­‐1β,	  IL-­‐4,	  IL-­‐6,	  IL-­‐8,	  IL-­‐10,	  GM-­‐CSF,	  TNF-­‐α,	  IFN-­‐γ	  and	  VEGF.	  
Serum	  concentrations	  of	  hormonal	  markers	  of	  the	  stress	  response	  (cortisol	  and	  insulin),	  CRP	  
and	  plasma	  concentrations	  of	  glucose	  will	  be	  measured	  by	  the	  Royal	  surrey	  County	  Hospital	  
pathology	  laboratory	  using	  their	  standardised	  laboratory	  methods.	  	  
Immunological	  cell	  counts	  will	  be	  measured	  using	  flow	  cytometry.	  Analysis	  of	  blood	  samples	  
will	   be	   conducted	   by	   the	   Camelia	   Botnar	   laboratories	   at	   Great	   Ormond	   Street	   Hospital,	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using	   their	   standard	   operating	   procedures.	   Cell	   types	   counted	   will	   be	   white	   cells,	  
lymphocytes	  and	  cells	  expressing	  CD3,	  CD4,	  CD8,	  CD16,	  CD19,	  CD56,	  HLA-­‐DR.	  
Postoperative	  morbidity	  will	  be	  analysed	  using	  the	  postoperative	  morbidity	  survey	  (POMS)	  
conducted	  on	  postoperative	  days	  3,	   5,	   8	   and	  15.	   In	   addition,	   data	   from	  patients’	   hospital	  
records	  will	  be	  prospectively	  collected	  and	  any	  postoperative	  morbidity	  occurring	  whilst	  the	  
patient	   is	   in	   hospital	   will	   be	   recorded.	  Morbidity	   recorded	   in	   this	  way	  will	   be	   graded	   for	  
severity	  using	  the	  Clavien-­‐Dindo	  classification	  system.	  
All	   data	   will	   be	   subjected	   to	   quantitative	   statistical	   analyses	   comparing	   data	   from	   ERP	  
patients	  with	  standard	  perioperative	  care	  patients.	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Methods	  
2.1	   Participants	  and	  recruitment	  
2.1.1	   Patient	  Identification	  
This	  was	  a	  single	  centre	  trial	  with	  all	  participants	  recruited	  from	  patients	  attending	  the	  Royal	  
Surrey	   County	   Hospital	   (RSCH)	   NHS	   Foundation	   Trust	   for	   treatment.	   All	   patients	   with	  
suspected	   benign	   (adenoma,	   hemangioma,	   focal	   nodular	   hyperplasia)	   or	   malignant	  
(metastatic	   disease,	   hepatocellular	   carcinoma)	   conditions	   were	   discussed	   at	   the	   hepato-­‐
pancreatico-­‐biliary	  multi-­‐disciplinary	  team	  (MDT)	  meeting	  where	  their	  cases	  and	  results	  of	  
investigations	  were	  reviewed,	  treatment	  options	  discussed	  and	  treatment	  plans	  formulated.	  
Treatment	  options	  included	  surveillance	  only,	  radiofrequency	  ablation,	  chemotherapy	  only,	  
chemotherapy	   followed	   by	   surgery	   (dependent	   on	   response)	   or	   surgical	   resection.	   All	  
patients	   deemed	   suitable	   for	   liver	   resection	   surgery	   were	   given	   an	   outpatient	   clinic	  
appointment	  with	  one	  of	  the	  three	  consultant	  HPB	  surgeons	  working	  at	  the	  RSCH.	  In	  clinic	  
they	  were	   seen	   by	   both	   the	   consultant	   surgeon	   and	   the	   HPB	   clinical	   nurse	   specialist.	   All	  
patients	  then	  scheduled	  for	  an	  open	   liver	  resection	  were	  given	  a	  preoperative	  assessment	  
date,	  a	  date	  for	  surgery	  and	  an	  information	  sheet	  regarding	  the	  enhanced	  recovery	  RCT	  (see	  
appendix	   1).	   A	   proportion	   of	   patients	   planned	   to	   undergo	   a	   right	   hemi-­‐hepatectomy	  
underwent	  a	  portal	  vein	  embolisation	  (PVE)	  prior	  to	  attending	  for	  preoperative	  assessment	  
clinic.	  	  All	  patients	  undergoing	  planned	  open	  liver	  resection	  surgery	  were	  considered	  for	  the	  
trial	  if	  they	  met	  the	  criteria	  below.	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2.1.2	   Inclusion	  criteria	  
All	  adult	  patients	  with	  liver	  disease	  (benign	  or	  malignant)	  that	  required	  open	  liver	  resection	  
surgery	  were	  considered	  for	  the	  trial.	  
2.1.3	   Exclusion	  criteria	  
Patients	  were	  excluded	  if	  any	  of	  the	  following	  criteria	  were	  fulfilled:	  
§ Patients	   undergoing	   laparoscopic	   resection	   (i.e.	   open	   resection	   not	   deemed	  
necessary	  at	  time	  of	  surgery)	  
§ Contraindication	  to	  epidural	  analgesia:	  abnormal	  clotting,	  skin	  infection	  over	  or	  near	  
the	   back,	   presence	   of	   neurological	   disorders	   or	   anatomical	   abnormalities	   of	   the	  
vertebral	  column.	  
§ Combined	  resections	  i.e.	  patients	  having	  a	  synchronous	  resection	  of	  another	  viscera	  
in	  addition	  to	  the	  liver	  (e.g.	  bowel).	  
§ Adults	  unable	  to	  give	  informed	  consent	  
2.1.4	   Patient	  Recruitment	  
Patients	   received	   the	   participant	   information	   sheet	   at	   the	   surgical	   outpatient	   clinic	  
appointment	  and	  were	  given	  adequate	  time	  to	  consider	  the	  details.	  Patients	  subsequently	  
attending	   the	   preoperative	   assessment	   clinic,	   who	   fulfilled	   the	   inclusion	   and	   exclusion	  
criteria,	   were	   invited	   to	   participate	   in	   the	   trial	   by	   one	   of	   the	   investigators	   (anaesthetic	  
research	  fellows).	  	  
At	  this	  time	  a	  discussion	  was	  held	  with	  the	  patients:	  reviewing	  the	  information	  contained	  on	  
the	   information	   sheet;	   outlining	   what	   was	   the	   purpose	   of	   the	   clinical	   trial;	   and	   what	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differences	   would	   there	   be	   by	   participating	   in	   the	   trial,	   compared	   with	   them	   not	  
participating.	  Participants	  were	  reassured	  that	  participating	  or	  not	  participating	  in	  the	  trial	  
would	  not	  have	  an	   impact	  on	  their	  treatment	   in	  the	  hospital.	  Patients	  were	   informed	  that	  
they	  would	   be	   randomly	   allocated	   into	   one	   of	   two	   groups.	  One	   group	  would	   receive	   the	  
‘standard’	  perioperative	  care	  that	  was	  currently	  provided	  for	  patients	  undergoing	  open	  liver	  
resection.	   	   The	   other	   group	   would	   receive	   the	   ‘new’	   perioperative	   care	   pathway.	   It	   was	  
explained	  that	  it	  was	  not	  known	  whether	  one	  pathway	  was	  better	  than	  the	  other	  and	  part	  
of	  the	  purpose	  of	  the	  trial	  was	  to	  answer	  this	  question.	  In	  addition,	  it	  was	  explained	  that	  the	  
nature	  of	  the	  stress	  response	  consequent	  to	  their	  operation	  was	  unclear,	  hence	  the	  reason	  
for	   investigating	   it	  with	   this	   trial	   through	  blood	   sampling	  and	  analyses.	   It	  was	  made	   clear	  
that	   the	   blood	   samples	   taken	   for	   these	   analyses	   would	   be	   in	   addition	   to	   the	   routine	  
perioperative	   blood	   samples	   taken.	   The	   planned	   postoperative	   measurements	   were	  
explained	  in	  detail	  and	  they	  were	  given	  the	  opportunity	  to	  ask	  questions.	  
Following	   this,	  patients	   interested	   in	  participating	   in	   the	   trial	  proceeded	   to	   the	  process	  of	  
giving	  informed	  consent.	  	  
2.1.5	   Consent	  
The	   investigator	  went	   through	   the	  patient	   consent	   form	   (see	  appendix	  2)	   explaining	  each	  
point	  and	  answering	  any	  patient	  questions	  or	  concerns.	  If	  the	  patient	  was	  satisfied	  with	  all	  
aspects	  of	  the	  trial	  they	  were	  asked	  to	  initial	  each	  point	  and	  sign	  the	  consent	  form.	  
2.1.6	   Randomisation	  
After	   signing	   the	   consent	   form	   the	   patients	  were	   then	   randomly	   allocated	   to	   one	   of	   two	  
groups:	  either	  the	  control	  group	  which	  would	  follow	  the	   ‘standard’	  perioperative	  pathway	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or	  the	  treatment	  group	  which	  would	  follow	  the	  new	  ‘enhanced	  recovery’	  programme	  (ERP).	  
For	  a	  summary	  of	  the	  group	  protocols	  see	  Table	  2.1.	  Randomisation	  was	  performed	  by	  an	  
independent	   statistician.	   Each	   randomised	   group	   allocation	   number	   was	   concealed	   in	   an	  
individual	  opaque	  brown	  paper	  envelope	  stored	  in	  a	  locked	  cabinet	  within	  the	  anaesthetic	  
department.	  Once	  informed	  consent	  to	  participate	  in	  the	  trial	  was	  given	  the	  next	  envelope	  
in	   the	   sequence	  was	   opened	   by	   the	   investigator	   revealing	   group	   allocation.	   The	   patients	  
were	  not	  explicitly	  told	  which	  group	  they	  were	  in.	  	  
Following	  review,	  the	  Surrey	  Research	  Ethics	  Committee	  felt	  that	  given	  approximately	  10%	  
of	   patients	   enrolled	   in	   the	   trial	   would	   have	   a	   benign	   pathology,	   then	   the	   randomisation	  
should	  be	  stratified	  to	  ensure	  that	  the	  number	  of	  benign	  participants	  was	  distributed	  evenly	  
across	   the	   two	   groups.	   The	   independent	   statistician	   therefore	   carried	   out	   a	   second	  
randomisation	  sequence	  for	  those	  with	  benign	  disease.	  
In	  total	  45	  patients	  each	  were	  recruited	  into	  the	  two	  arms	  of	  the	  study.	  The	  randomisation	  
was	   also	   stratified	   into	   ‘benign’	   and	   ‘not	   benign’.	   The	   randomisation	   schedule	   was	  
generated	  for	  ‘not	  benign’	  patients	  with	  a	  block	  size	  of	  six,	  for	  randomisation	  numbers	  one	  
to	  ninety.	  A	  separate	  schedule	  was	  generated	  for	  ‘benign’	  patients	  with	  a	  block	  size	  of	  two,	  
for	  randomisation	  numbers	  from	  ninety-­‐one	  to	  one	  hundred	  and	  twenty.	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Table	   2.1	   Summary	   of	   ERP	   protocol	   day-­‐by-­‐day	   compared	   with	   control	   group	   (PoD	   =	  
postoperative	  day)	  
	   Treatment	  (ERP)	  Group	   Control	  (Standard)	  Group	  
Preoperatively	   Information	  and	  Education	  	   N/A	  
Oral	  Nutritional	  Supplements	   N/A	  
Pre-­‐op	  Carbohydrate	  Drink	   N/A	  
Intraoperatively	   Standard	  Anaesthetic	  protocol	  and	  
Surgical	  management	  
Standard	  Anaesthetic	  protocol	  and	  Surgical	  
management	  
Thoracic	  Epidural	  for	  post-­‐op	  analgesia	   Thoracic	  Epidural	  for	  post-­‐op	  analgesia	  
All	  patients	  extubated	  taken	  to	  level	  2	  	   All	  patients	  extubated	  taken	  to	  level	  2	  	  
PoD	  0	  	   Eat	  and	  Drink	  Normally	  	   Eat	  and	  Drink	  Normally	  
Oral	  Nutritional	  Supplements	   N/A	  
Goal	  Directed	  Fluid	  Therapy	  six	  hours	  
Stoke	  Volume	  optimisation	  
Fluid	  resuscitation	  to	  standard	  markers:	  CVP,	  
Urine	  Output,	  Lactate,	  Mixed	  venous	  
saturations	  
LiDCOrapid	  –	  250ml	  colloid	  boluses	   Fluid	  therapy	  at	  discretion	  of	  ICU	  team	  
Chest	  physiotherapy	   N/A	  
PoD	  1	   Physiotherapy/	  mobilisation	  twice	  a	  day	   Physiotherapy	  once	  a	  day	  
Stop	  iv	  maintenance	  fluid	  	   Fluid	  therapy	  at	  discretion	  of	  ICU	  team	  
Oral	  Nutritional	  Supplements	   N/A	  
Eat	  and	  drink	  normally	   Eat	  and	  drink	  normally	  
PoD	  2	   Diamorphine	  3mg	  via	  epidural	   	  
Epidural	  removal	  am	  or	  stopped	  and	  
capped	  off	  if	  INR	  ≥1.5	  
Epidural	  to	  be	  managed	  by	  acute	  pain	  team.	  
Regular	  oral	  analgesics,	  PRN	  Oramorph	  	   	  
Physiotherapy/	  mobilisation	  twice	  a	  day	   Physiotherapy	  once	  a	  day	  
Urinary	  catheter	  out	  4hrs	  post-­‐epidural	   	  
Removal	  of	  surgical	  drains	  (if	  appropriate)	   Removal	  of	  surgical	  drains	  (if	  appropriate)	  
CVP	  out	   CVP	  removed	  at	  discretion	  of	  surgical	  team	  
PoD	  3	  (+4)	   Physiotherapy	  /	  Mobilise	  twice	  a	  day	   Epidural	  managed	  by	  acute	  pain	  team;	  usually	  
removed	  PoD	  3	  or	  4	  
	   Urinary	  catheter	  removed	  12hours	  after	  
epidural	  removal	  as	  per	  current	  guidelines	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2.1.7	   Preoperative	  preparation	  
Control	   group	   –	   patients	   in	   this	   group	   then	   underwent	   the	   routine	   pre-­‐assessment	  
conducted	  by	   the	  nurse-­‐led	  pre-­‐assessment	   service	   at	  RSCH.	   This	   included	  a	  past	  medical	  
history	   documented	   using	   a	   standardised	   health	   questionnaire,	   an	   anaesthetic	   history,	  
physical	  examination	  and	  measurement	  of	  physiological	  parameters;	  height,	  weight,	  pulse	  
rate,	  blood	  pressure,	  oxygen	  saturation	  and	  a	  12-­‐lead	  electrocardiogram	  (ECG).	  Any	   issues	  
arising	   from	   this	   assessment	   may	   then	   have	   triggered	   the	   arrangement	   of	   further	  
investigations	  (e.g.	  lung	  function	  tests,	  echocardiography,	  cardiopulmonary	  exercise	  testing)	  
and/or	  referral	  for	  an	  anaesthetic	  opinion	  if	  required.	  These	  issues	  were	  decided	  using	  the	  
existing	   protocols	   of	   the	   pre-­‐assessment	   service	   at	   RSCH.	   Staff	   working	   in	   the	   pre-­‐
assessment	  service	  were	  blinded	  to	  patient	  group	  allocation.	  	  
After	   successful	   completion	  of	  pre-­‐assessment,	  patients	   remained	  at	  home	  until	   the	  night	  
before	  surgery	  when	  they	  were	  admitted	  to	  the	  elective	  surgical	  unit	  (ESU).	  Once	  there	  they	  
were	  kept	  nil-­‐by-­‐mouth	   from	  midnight	   in	  preparation	   for	   surgery	   the	  next	  morning.	   	  Staff	  
working	  at	  the	  ESU	  were	  blinded	  to	  group	  allocation.	  
ERP	   group	   –	   after	   informed	   consent	   was	   obtained,	   patients	   in	   this	   group	   then	   had	   the	  
concepts	   of	   enhanced	   recovery	   explained	   to	   them	   in	   detail	   by	   the	   investigator.	   This	  
discussion	   typically	   took	   approximately	   15	  minutes	   and	   areas	   covered	  were	   preoperative	  
nutrition,	   carbohydrate	   preload,	   early	   postoperative	   mobilisation,	   early	   postoperative	  
feeding,	  pain	  control	  and	  expected	  length	  of	  hospital	  stay.	  The	  patient	  was	  given	  a	  checklist	  
(see	  appendix	  3)	  containing	  a	  day-­‐by-­‐day	  guide	  of	  what	  to	  expect	  across	  the	  perioperative	  
period	  along	  with	  targets	  for	  them	  to	  meet.	  They	  were	  also	  given	  nine	  bottles	  of	  nutritional	  
supplement	   (Fortisip	   Compact®	   –	   Nutricia,	   Trowbridge,	   UK)	   and	   six	   cartons	   (151.2	   g)	   of	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carbohydrate-­‐rich	  drink	  (PreOp®	  –	  Nutricia,	  Trowbridge,	  UK)	  to	  take	  home	  with	  them.	  They	  
were	  instructed	  to	  begin	  taking	  one	  bottle	  of	  Fortisips	  Compact®	  (125	  ml)	  three	  times	  a	  day,	  
from	   three	   days	   prior	   to	   surgery	   in	   addition	   to	   their	   normal	   diet.	   Each	   bottle	  was	   a	   high	  
energy	   (2.4	   kcal/ml)	   milk	   shake	   style	   nutritional	   supplement	   comprising	   9.6	   g/100ml	  
protein,	  29.7	  g/100ml	  carbohydrate	  and	  9.3	  g/100ml	  fat.	  The	  night	  before	  surgery	  they	  were	  
admitted	  to	  the	  ESU	  where	  at	  21;00	  hrs	  they	  then	  drank	  4	  x	  200	  ml	  cartons	  of	  the	  PreOp®	  
(100.8	  g	  carbohydrate)	  followed	  by	  the	  remaining	  2	  x	  200	  ml	  cartons	  (50.4	  g	  carbohydrate)	  
at	  05;30	  hrs	  on	  the	  morning	  of	  surgery.	  	  PreOp®	  is	  a	  clear	  non-­‐carbonated,	  lemon-­‐flavoured	  
isosmolar	   carbohydrate	   drink;	   it	   provides	   0.5	   kcal/ml	   energy	   with	   12.6	   g/100ml	  
carbohydrate.	  
Once	  the	  explanation	  was	  complete	  and	  the	  patients	  had	  an	  opportunity	   to	  ask	  questions	  
and	  had	   them	  answered	   satisfactorily,	   they	   then	  proceeded	   to	   routine	  pre-­‐assessment	   as	  
described	  for	  the	  control	  group.	  As	  with	  the	  control	  group,	  all	  staff	  concerned	  were	  blinded	  
to	  group	  allocation.	  
2.1.8	   Preoperative	  measurements	  
Once	   they	   had	   signed	   the	   consent	   form,	   the	   past	   medical	   history,	   drug	   history	   and	   ASA	  
grade	  were	  recorded	  in	  the	  data	  collection	  booklet	  (see	  appendix	  4).	  Their	  height	  (cm)	  and	  
weight	  (kg)	  were	  recorded	  and	  their	  BMI	  calculated.	  Results	  of	  routine	  blood	  investigations	  
(FBC,	  U	  &	  E,	  LFT,	  clotting	  profile)	  and	  12-­‐lead	  ECG	  were	  noted	  to	  allow	  calculation	  of	  the	  P-­‐
POSSUM	  and	  Lee’s	  revised	  cardiac	  risk	  index	  (LRCRI)	  scores	  (see	  Appendix	  4).	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At	  approximately	  08:30	  am	  on	  the	  day	  of	  surgery,	  and	  after	  the	  PreOp®	  had	  been	  drunk,	  20	  
ml	   of	   venous	   blood	  was	   drawn	   from	  a	   peripheral	   vein	   and	  placed	   in	  Vacuette®	   tubes	   for	  
base-­‐line	   analysis	   of	   variables	   included	   in	   the	   stress	   response.	   The	   aim	   was	   to	   draw	   all	  
preoperative	  blood	  samples	  at	  the	  same	  time	  in	  order	  to	  standardise	  the	  insulin	  and	  cortisol	  
readings	   that	   have	   diurnal	   and	   nutritional	   rhythms.	   Venous	   blood	   was	   divided	   into	   six	  	  
samples;	   four	   serum	   tubes	   (for	   measurement	   CRP,	   insulin,	   cortisol	   and	   cytokines),	   one	  
glucose	  tube	  (for	  measurement	  of	  serum	  glucose)	  and	  one	  EDTA	  tube	  (for	  measurement	  of	  
immunological	   markers).	   The	   glucose	   and	   two	   of	   the	   serum	   tubes	   (for	   CRP,	   insulin	   and	  
cortisol	   levels)	   were	   sent	   immediately	   to	   the	   hospital	   biochemistry	   laboratory	   with	   a	  
completed	   request	   form	   specific	   for	   each	   time	   and	  patient	   (see	   appendix	   5).	   The	   glucose	  
tube	  was	  immediately	  analysed	  and	  the	  serum	  tubes	  were	  spun,	  separated	  and	  frozen	  at	  -­‐
20°C	  for	  later	  analysis.	  The	  remaining	  two	  serum	  tubes	  (for	  cytokine	  levels)	  were	  spun	  and	  
frozen	   at	   -­‐70°C	   (see	   section	   2.7.1	   Preparation	   and	   storage	   of	   patient	   samples).	   The	   EDTA	  
tube	   (for	   immunological	   markers)	   was	   transferred	   to	   Great	   Ormond	   Street	   Hospital	   for	  
analysis	  -­‐	  see	  section	  2.7.3.	  	  
	  
2.2	   Perioperative	  methodology	  
2.2.1	   Anaesthetic	  protocol	  
On	  arrival	  in	  theatre	  patients	  were	  checked	  in	  by	  the	  theatre	  team	  and	  then	  brought	  to	  the	  
anaesthetic	   room.	   Anaesthesia	   was	   induced	   using	   the	   same	   standardised	   anaesthetic	  
protocol	   for	   both	   groups	   (see	   appendix	   6).	   Patients	   were	   all	   intubated	   and	  mechanically	  
ventilated.	  All	   patients	   had	   a	   16G	  peripheral	   cannula	   and	  20G	   radial	   arterial	   line	   inserted	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before	  a	  quad-­‐lumen	  central	  venous	  line	  was	  placed	  in	  the	  right	  internal	  jugular	  vein	  under	  
ultrasound	  guidance.	  A	   thoracic	  epidural	   catheter	  was	   sited	  at	   the	   level	  of	  T7-­‐T10	  using	  a	  
standard	  loss-­‐of-­‐resistance-­‐to-­‐saline	  technique.	  10	  ml	  of	  0.125%	  levobupivacaine	  was	  then	  
given	   down	   the	   catheter	   as	   a	   bolus.	   A	   urinary	   catheter	   was	   inserted	   in	   all	   cases	   and	  
intraoperative	   normothermia	   was	   ensured	   by	   use	   of	   a	   forced-­‐air	   warming	   blanket	   (Bair	  
Hugger®,	  Arizant	  Healthcare	  Inc,	  USA)	  and	  nasopharyngeal	  temperature	  probe.	  All	  patients	  
received	   routine	   antibiotic	   prophylaxis	   with	   1.5	   g	   cefuroxime	   and	   500	  mg	  metronidazole	  
intravenously	  at	  induction.	  A	  nasogastric	  tube	  was	  not	  inserted	  unless	  decompression	  of	  the	  
stomach	  was	  deemed	  necessary	  by	  the	  operating	  surgeons.	  In	  cases	  when	  they	  were	  used	  
they	  were	  removed	  prior	  to	  the	  end	  of	  the	  procedure.	  
The	  principle	  of	   the	  anaesthetic	   technique	  was	   to	  produce	  a	   low	  central	   venous	  pressure	  
(CVP)	   for	   the	   duration	   of	   the	   liver	   resection:	   the	   target	   value	   was	   0	   cmH2O.	   	   This	   was	  
achieved	   in	   all	   patients	   through	  a	   combination	  of:	   intravenous	   (IV)	   fluid	   restriction	   (no	   IV	  
fluids	  were	  given	  until	  the	  liver	  resection	  was	  complete,	  the	  specimen	  was	  removed	  and	  the	  
operating	  surgeon	   indicated	  they	  were	  satisfied);	  0.5-­‐1.0	  mg/kg	   IV	  frusemide	  at	   induction;	  
intraoperative	  infusion	  of	  GTN	  (0-­‐5	  mg/hr)	  and	  remifentanil	  (0-­‐0.1	  μg/kg/min);	  an	  epidural	  
infusion	   of	   0.1%	   levobupivicaine;	   and	   2μg/ml	   fentanyl	   continued	   into	   the	   postoperative	  
period.	   To	   counteract	   the	  profound	  hypotension	   caused	  by	   these	   agents	   a	   phenylephrine	  
infusion	   (0-­‐0.2	  μg/kg/ml)	   	  was	   titrated	   to	  maintain	   a	  mean	   arterial	   blood	  pressure	   (MAP)	  
≥55	  mmHg.	  
Anaesthesia	  was	  maintained	  with	  sevoflurane	  at	  minimum	  alveolar	  concentration	  (MAC)	  of	  
1.0-­‐1.5	   in	   oxygen-­‐enriched	   air	   (FiO2	   0.6–0.8),	   titrated	   to	   effect.	   During	   the	   operation,	  
patients	   in	   the	   treatment	   group	   had	   the	   LiDCOrapid®	  monitor	   attached	   and	   calibrated	   in	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preparation	   for	   post-­‐resection	   IV	   fluid	   resuscitation.	   Both	   groups	   of	   patients	   had	  
intraoperative	  blood	  gas	  monitoring	  at	  the	  discretion	  of	  the	  attending	  anaesthetist.	  	  
Following	   successful	   completion	   of	   the	   resection	   the	   operating	   surgeon	   indicated	   that	   IV	  
fluid	   resuscitation	   could	   be	   commenced.	   This	   time	   was	   recorded	   in	   the	   data	   collection	  
booklet	  as	  ‘time	  zero’	  (t0).	  Following	  t0,	  IV	  fluid	  resuscitation	  was	  commenced	  as	  per	  the	  IV	  
fluid	  protocol	  (see	  appendix	  7).	  
Control	  group	  –	  at	  t0	  these	  patients	  received	  1000	  ml	  of	  compound	  sodium	  lactate	  solution	  
(CSL)	   followed	   by	   further	   fluid	   resuscitation	   using	   the	   volume	   and	   type	   of	   fluid	   of	   the	  
attending	  anaesthetist’s	  choice	  guided	  by	  haemodynamic	  parameters	  (HR,	  BP,	  CVP),	  blood	  
gas	  analysis	  and	  clinical	  judgement.	  Transfusion	  of	  blood	  products	  was	  also	  at	  the	  discretion	  
of	  the	  attending	  anaesthetist.	  	  
ERP	   group	   –	   at	   t0	   patients	   in	   the	   ERP	   group	   also	   received	   1000	   ml	   CSL.	   Further	   fluid	  
resuscitation	   was	   performed	   by	   stroke	   volume	   optimisation	   using	   250	   ml	   boluses	   of	   a	  
hydroxyethyl	  starch	  solution	  (Volulyte®	  6%;	  Fresenius	  Kabi	  Ltd,	  Runcorn,	  UK)	  guided	  by	  the	  
LiDCOrapid®	   cardiac	   output	   monitor	   following	   the	   protocol	   detailed	   in	   appendix	   8.	  
Transfusion	  of	  blood	  products	  was	  at	  the	  discretion	  of	  the	  attending	  anaesthetist.	  	  
2.2.2	   Set-­‐up	  for	  open	  liver	  resection	  
Once	   the	   patient	   was	   anaesthetised	   they	   were	   brought	   into	   the	   operating	   theatre	   and	  
transferred	  onto	  the	  operating	  table	  in	  a	  supine	  position.	  All	  monitoring	  was	  attached	  and	  
where	  necessary,	  calibrated.	  Likewise,	  infusions	  were	  attached	  and	  commenced.	  Pneumatic	  
calf	   compression	  devices	  were	  placed	   in	   situ	  and	  activated;	   care	  was	   taken	   to	  ensure	   the	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patients’	  pressure	  areas	  were	  protected.	  Patients	   remained	   in	   the	   supine	  position	   for	   the	  
duration	  of	  surgery.	  
2.2.3	   Surgical	  technique	  
All	   resections	  were	   performed	   by	   one	   of	   the	   three	  HPB	   surgical	   consultants	   employed	   at	  
RSCH.	  The	  surgical	  team	  were	  blinded	  to	  patient	  group	  allocation.	  	  Following	  preparation	  of	  
the	  abdomen	  with	  chlorhexidine	  and	  establishment	  of	  a	  sterile	  field,	  the	  majority	  of	  patients	  
underwent	   an	   initial	   laparoscopy	   to	   confirm	   that	   the	   lesion(s)	   could	   still	   be	   resected.	   	   A	  
small	   number	   of	   patients	   were	   found	   to	   have	   inoperable	   disease	   at	   this	   stage	   and	   the	  
resection	  was	  abandoned.	  These	  patients	  were	  withdrawn	  from	  the	  trial	  at	  this	  point.	  	  
With	   operability	   confirmed,	   the	   surgical	   team	   then	   proceeded	   to	   perform	   an	   open	   liver	  
resection	   via	   a	   large	   transverse	   incision	   in	   the	   right	   upper	   abdomen	   along	   the	   sub-­‐costal	  
margin.	  When	   required,	   for	   example	   for	   right-­‐sided	   resections,	   the	   incision	  was	  extended	  
cranially	   in	   the	  midline	   (mercedes-­‐benz	   incision).	   Parenchymal	   resection	   was	   undertaken	  
with	   the	   aid	   of	   an	   ultrasonic	   aspirator.	   Intraoperative	   Pringle’s	   manoeuvre	   was	   used	  
judiciously	   and	   surgical	   drains	   were	   placed	   at	   the	   discretion	   of	   the	   surgical	   team.	   The	  
surgical	  approach	  and	  technique	  was	  the	  same	  for	  all	  patients	  in	  the	  trial.	  	  
2.2.4	   Intraoperative	  measurements	  
Recorded	   intraoperative	   time	   points	  were:	   time	   of	   induction	   of	   anaesthesia;	   time	   of	   skin	  
incision;	  time	  of	  completion	  of	   liver	  resection	  (t0);	  and	  time	  of	  completion	  of	  surgery.	  This	  
allowed	   calculation	   of	   total	   intraoperative	   time	   subdivided	   into	   ‘anaesthetic	   time’	   and	  
‘surgical	   time’.	   Liver	   resection	   times	   might	   demonstrate	   considerable	   inter-­‐individual	  
variability	   (dependent	   on	   size	   of	   resection,	   location	   of	   disease,	   patient	   anatomy,	   etc.),	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therefore	   the	   completion	   of	   liver	   resection	  was	   chosen	   as	   a	   standardised	   time	   point	   (t0)	  
across	   all	   patients	   upon	   which	   the	   schedule	   of	   postoperative	   blood	   sampling	   could	   be	  
based.	  t0	  represents	  the	  point	  when	  IV	  fluid	  resuscitation	  began	  i.e.	  the	  physiological	  impact	  
of	  the	  combination	  of	  low	  CVP	  anaesthesia	  and	  surgical	  trauma	  had	  reached	  its	  peak.	  	  
The	   type	   of	   resection	   (wedge	   resection(s),	   segmentectomy(s)	   or	   anatomical	   resection)	   as	  
described	  by	   the	  operating	   surgeon	   in	   the	  operation	  notes	  was	   recorded.	   The	  use	  of	   any	  
intraoperative	   Pringle’s	   manoeuvre	   was	   documented	   and	   the	   cumulative	   clamp	   time	  
(minutes)	  noted.	  The	  estimated	  blood	  loss	  (ml)	  was	  recorded	  at	  the	  end	  of	  the	  procedure.	  
Specimen	   weights	   (grams)	   and	   histology	   (benign	   or	   malignant)	   were	   obtained	   from	   the	  
pathology	  reports	  surgery.	  	  
At	   the	   end	   of	   surgery	   any	   residual	   neuromuscular	   blockade	   was	   reversed	   with	   2.5	   mg	  
neostigmine	  and	  500	  μg	  glycopyrrolate	  IV.	  All	  patients	  were	  then	  extubated	  and	  transferred	  
to	  intensive	  care	  (ICU)	  for	  postoperative	  management.	  	  
	  
2.3	   Postoperative	  management	  
2.3.1	   Postoperative	  prescribing	  
All	  patients	  in	  the	  trial	  were	  extubated	  at	  the	  end	  of	  surgery	  and	  transferred	  to	  ICU	  for	  level-­‐
2	  care.	  Both	  groups	  had	  20	  mg	  omeprazole	  po	  once	  a	  day	  (od)	  and	  two	  postoperative	  doses	  
of	  IV	  antibiotics	  were	  prescribed	  (cefuroxime	  1.5	  g	  and	  metronidazole	  500	  mg).	  Anti-­‐emetics	  
(50	   mg	   cyclizine	   and	   4	   mg	   ondansetron)	   were	   prescribed	   as	   required.	   All	   patients	   wore	  
compression	   stockings	   for	   venous	   thrombo-­‐embolism	   prophylaxis	   and	   subcutaneous	  
	  
	  
73	  
dalteparin	  20-­‐40	  mg	  od	  was	  prescribed	  but	  only	  given	  once	  the	  INR	  <	  1.5.	  If	  the	  INR	  was	  >	  
1.5	  then	  10	  mg	  vitamin	  K	  IV	  was	  administered	  and	  the	  INR	  checked	  again	  the	  following	  day	  
(see	  appendix	  6).	  This	  process	  was	  repeated	  each	  day	  until	  INR	  <	  1.5.In	  addition	  to	  this,	  the	  
treatment	  group	  had	  Fortsips	  Compact®	  charted	  three	  times	  a	  day	  (tds).	  	  	  
2.3.2	   Postoperative	  intravenous	  fluid	  management	  
Control	  group	  –	   these	  patients	  were	  prescribed	  CSL	  1-­‐3	  ml/kg/hr	   IV	  maintenance.	  Further	  
management	   of	   IV	   fluids/inotropes	  was	   at	   the	   discretion	   of	   the	   ICU	   staff	   responsible	   for	  
their	  care	  and	  guided	  by	  haemodynamic	  parameters	  (HR,	  BP,	  CVP	  and	  urine	  output),	  blood	  
gas	  analysis	  (MVO2	  and	  lactate)	  and	  clinical	  judgement.	  
ERP	  group	  –	  on	  arrival	  in	  ICU	  these	  patients	  continued	  to	  receive	  IV	  fluid	  resuscitation	  using	  
the	   LiDCOrapid®	   to	   guide	   stroke	   volume	   optimisation	   (see	   stroke	   volume	   optimisation	  
protocol,	  appendix	  8).	  This	  was	  continued	  for	  six	  hours	  from	  t0,	  after	  which	  time	  they	  were	  
prescribed	   IV	   maintenance	   with	   CSL	   1-­‐2	   ml/kg/hr	   and	   any	   further	   fluid/inotrope	  
management	  was	   left	   to	   the	   discretion	   of	   the	   ICU	   staff	   responsible	   for	   their	   care.	   These	  
patients	   were	   also	   encouraged	   to	   take	   oral	   fluids	   and	   diet	   as	   soon	   as	   they	   were	   awake	  
enough,	  their	  pain	  was	  controlled	  (see	  below)	  and	  any	  nausea	  treated.	  	  
2.3.3	   Postoperative	  analgesia	  
All	   patients	   had	   a	   thoracic	   epidural	   catheter	   sited	   at	   T7-­‐T10.	   Immediate	   postoperative	  
analgesia	   was	   provided	   by	   a	   continuous	   infusion	   of	   0.1%	   levobupivicaine	   plus	   2	   μg/ml	  
fentanyl	  via	   the	  epidural	  catheter	  at	  a	   rate	  of	  0-­‐15	  ml/hr.	  For	  patients	  still	   complaining	  of	  
abdominal	  discomfort	   (despite	  maximal	  epidural	   infusion	   rate	  and	  a	  demonstrable	  central	  
neuraxial	   block	   to	   the	   dermatomal	   level	   of	   T4)	   the	   above	   analgesia	   protocol	   was	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supplemented	  with	  a	  3	  mg	  bolus	  of	  diamorphine	  given	  via	  the	  catheter.	  Right	  shoulder	  tip	  
pain	  (common	  after	  this	  procedure)	  was	  treated	  with	  50-­‐100	  mg	  tramadol	  IV.	  
Control	  group	  –	  the	  epidural	  infusion	  was	  continued	  postoperatively	  under	  the	  review	  of	  the	  
acute	  pain	   team.	  The	   timing	  of	  discontinuation	  of	   the	  epidural	   infusion	  and	  conversion	   to	  
oral/parenteral	  analgesia	  was	  at	   their	  discretion,	  according	  to	   their	  existing	  protocols	   (see	  
appendix	  9).	  
ERP	  group	  -­‐	  analgesia	  in	  the	  immediate	  postoperative	  period	  was	  provided	  by	  the	  epidural	  
infusion	  as	  described	  above.	  On	  the	  evening	  of	  postoperative	  day-­‐1,	  regular	  oral	  analgesia	  
was	   commenced	  with	  500	  mg	  paracetamol	   four	   times	   a	  day	   (qds),	   50	  mg	   tramadol	   three	  
times	  a	  day	  (tds),	  50	  mg	  diclofenac	  bd/tds	  (if	  serum	  creatinine	  <110	  mmol/l)	  and	  10-­‐20	  mg	  
oral	  morphine	   solution	  as	   required	   for	  breakthrough	  pain.	  On	   the	  morning	  of	  day-­‐2	  3	  mg	  
diamorphine	   was	   administered	   as	   an	   epidural	   bolus	   and	   the	   infusion	   terminated.	   The	  
epidural	  catheter	  was	  disconnected	  and	  removed	  once	  the	  INR	  <1.4	  (in	  most	  cases	  on	  the	  
same	  day).	  	  	  
2.3.4	   Postoperative	  mobilisation	  
Control	   group	   –	  patients	  were	  mobilised	   by	   physiotherapy	   staff	   according	   to	   the	   existing	  
protocols.	   On	   postoperative	   day	   1	   they	  were	   seen	   once	   by	   a	   physiotherapist	  who	  would	  
attempt	   to	  mobilise	   the	   patient	   from	   bed	   to	   chair.	   The	  main	   limiting	   factor	   for	   this	   was	  
hypotension	   on	   mobilisation.	   If	   the	   patient	   was	   not	   able	   to	   sit	   in	   the	   chair	   then	   they	  
received	  simple	  chest	  physiotherapy	  and	  remained	  in	  bed.	  Each	  patient	  was	  seen,	  assessed	  
and	  mobilised	  as	  able	  on	  a	  daily	  basis	  until	  they	  were	  deemed	  by	  the	  physiotherapists	  to	  be	  
safe	  to	  mobilise	  independently.	  At	  this	  point	  they	  were	  discharged	  from	  physiotherapy	  care.	  
	  
	  
75	  
ERP	   group	   -­‐	   postoperative	   mobilisation	   was	   again	   managed	   by	   the	   physiotherapy	   staff,	  
according	   to	   a	   new	   protocol	   developed	   for	   enhanced	   recovery	   (see	   appendix	   10).	   This	  
meant	  patients	  were	  seen	  postoperatively	  on	  the	  day	  of	  surgery,	  given	  chest	  physiotherapy	  
and	   where	   possible	   mobilised	   to	   the	   bedside	   chair.	   On	   day-­‐1	   they	   were	   seen	   twice	   by	  
physiotherapy	  staff	  and	  encouraged	  to	  march	  on	  the	  spot	  and	  where	  possible	  walk	  on	  the	  
ward.	  Each	  patient	  was	  then	  seen,	  assessed	  and	  mobilised	  as	  able	  on	  a	  daily	  basis	  until	  they	  
were	  deemed	  by	   the	  physiotherapists	   to	   be	   safe	   to	  mobilise	   independently.	   At	   this	   point	  
they	  were	  discharged	  from	  physiotherapy	  care.	  
2.3.5	   Discharge	  Criteria	  
Postoperative	   ward	   care	   and	   clinical	   decisions	   for	   all	   patients	   were	   left	   to	   the	   attending	  
surgical	   teams	  who	  were	   blinded	   to	   patient	   group	   allocation.	   All	   patients	  were	   seen	   and	  
assessed	   by	   the	   surgical	   teams	   on	   a	   daily	   basis	   and	  were	   discharged	   from	   hospital	  when	  
deemed	  ready.	   In	  addition	  to	  this,	  once	  patients	  had	  been	  discharged	  from	  ICU	  they	  were	  
visited	  daily	  by	  a	  research	  nurse,	  blinded	  to	  group	  allocation,	  and	  assessed	  for	  the	  presence	  
or	   absence	   of	   pre-­‐determined	   ‘discharge	   criteria’.	   This	   set	   of	   criteria	   was	   designed	   to	  
indicate	   whether	   the	   patient	   was	   fit	   for	   discharge,	   although	   as	   described	   above	   actual	  
discharge	  from	  hospital	  was	  at	  the	  discretion	  of	  the	  surgical	  team	  concerned.	  
The	  discharge	  criteria	  were:	  
§ Pain	  controlled	  with	  oral	  analgesia	  
§ Able	  to	  mobilise	  independently	  (or	  to	  preoperative	  level)	  
§ Tolerating	  oral	  diet	  
§ Normal	  or	  decreasing	  serum	  total	  bilirubin	  
§ Patient	  willing	  to	  be	  discharged	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2.3.6	   Postoperative	  measurements	  
Blood	  analysis	   for	   the	   stress	   response	   -­‐	  venous	  blood	   samples	  were	   collected	  at	   five	   time	  
points	   from	   all	   patients	   for	   analysis	   of	   markers	   of	   the	   stress	   response.	   The	   schedule	   of	  
perioperative	  blood	  sampling	  was:	  
§ Preoperatively	  –	  taken	  from	  the	  patient	  in	  the	  anaesthetic	  room	  as	  described	  above.	  
§ 6	  hr	  postoperatively	  –	  i.e.	  6	  hr	  following	  t0	  
§ 24	  hr	  postoperatively	  
§ 48	  hr	  postoperatively	  
§ 72	  hr	  postoperatively	  
On	   each	   of	   these	   occasions,	   20	   ml	   of	   venous	   blood	   was	   obtained	   and	   divided	   into	   six	  
Vacuette®	  tubes	  as	  described	  in	  section	  2.1.8.	  Blood	  was	  analysed	  for	  the	  following	  markers:	  
§ Metabolic	  –	  serum	  insulin,	  cortisol	  and	  glucose	  concentrations.	  
§ Inflammatory	  –	  serum	  IL-­‐1β,	   IL-­‐4,	   IL-­‐6,	   IL-­‐8,	   IL-­‐10,	  GM-­‐CSF,	  TNF-­‐α,	   IFN-­‐γ,	  CRP,	  VEGF	  
concentrations.	  
§ Immunological	  –	  White	  cell,	  lymphocyte,	  CD3,	  CD4,	  CD8,	  CD16,	  CD19,	  CD56,	  HLA-­‐DR	  
cell	  counts.	  
In	  addition	  the	  volume	  and	  type	  of	  IV	  fluids	  administered	  at	  6	  hr	  and	  24	  hr	  postoperatively	  
were	   recorded,	   including	   blood	   products	   when	   required.	   The	   use	   of	   postoperative	  
vasopressor/inotrope/insulin	   infusions	   were	   also	   documented.	   All	   postoperative	   blood	  
results	   (full	   blood	   count	   (FBC),	   urea	   and	   electrolytes	   (U&E),	   liver	   function	   tests	   (LFT),	  
clotting,	  blood	  gas	  analysis)	  were	  noted.	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2.3.7	   Postoperative	  morbidity	  
The	  incidence	  and	  nature	  of	  postoperative	  morbidity	  was	  assessed	  using	  the	  postoperative	  
morbidity	  survey	  (POMS)	  (see	  appendix	  4).	  POMS	  data	  were	  collected	  on	  days	  3,	  5,	  8	  and	  15	  
as	  long	  as	  the	  patient	  remained	  in	  hospital.	  In	  the	  event	  of	  a	  patient	  being	  discharged	  home	  
and	  then	  developing	  a	  complication	  requiring	  re-­‐admission	  to	  hospital	  within	  28	  days,	   the	  
occurrence	  and	  reason	  for	  readmission	  was	  recorded.	  
	  	  
2.4	   Outcome	  measures	  
2.4.1	   Primary	  outcome	  measure	  
§ The	  change	  of	  IL-­‐6	  levels	  following	  surgery	  for	  both	  groups	  
2.4.2	   Secondary	  outcome	  measures	  
§ The	  change	  of	  cortisol	  levels	  following	  surgery	  in	  both	  groups	  
§ The	  change	  of	  insulin	  levels	  following	  surgery	  in	  both	  groups	  
§ The	  change	  of	  glucose	  levels	  following	  surgery	  in	  both	  groups	  
§ The	  change	  of	  CRP	  levels	  following	  surgery	  in	  both	  groups	  
§ The	  change	  of	  VEGF	  concentration	  following	  surgery	  in	  both	  groups	  
§ The	   change	   of	   immunological	   markers	   including	   white	   cell,	   lymphocyte,	   B-­‐cell	  
(CD19),	   T-­‐cell	   (CD3),	   CD4,	   CD8	   counts,	   HLA-­‐DR	   expression,	   natural	   killer	   (CD16	   +	  
CD56)	   cell	   counts	   and	   all	   remaining	   cytokine	   concentrations	   (see	   section	   2.3.6)	  
following	  surgery	  in	  both	  groups	  
§ 	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§ The	  incidence	  of	  postoperative	  morbidity	  as	  defined	  by	  the	  postoperative	  morbidity	  
survey	  (POMS)	  in	  both	  groups	  
§ The	   incidence	   of	   postoperative	   morbidity	   using	   the	   Clavien-­‐Dindo	   classification	   in	  
both	  groups	  
§ The	  length	  of	  stay	  in	  both	  groups	  
§ The	  incidence	  of	  readmission	  in	  both	  groups	  
	  
2.5	   Sample	  size	  calculation	  
This	  study	  was	  performed	  as	  a	  sub-­‐study	  of	  the	  ‘Enhanced	  recovery	  in	   liver	  resection’	  trial	  
(ISRCTN03274575),	  a	  two-­‐arm	  randomized	  controlled	  trial.	  As	  a	  result	  of	  this	  the	  maximum	  
sample	   size	   available	   for	   this	   study	   was	   pre-­‐determined	   by	   the	   sample	   size	   used	   in	   the	  
‘Enhanced	   recovery	   in	   liver	   resection’	   trial.	   The	   sample	   size	   calculation	   for	   that	   trial	   was	  
based	   on	   the	   duration	   of	   postoperative	   length	   of	   stay	   (9.2±4.9	   days,	   mean±standard	  
deviation	  (SD))	   following	  open	   liver	  resection	  with	  a	  standard	  perioperative	  pathway.	  That	  
was	  determined	  via	  a	  prospective	  audit	  of	  all	  patients	  undergoing	  open	   liver	  resections	  at	  
the	  Royal	   Surrey	   County	  Hospital	  NHS	   Trust	   in	   the	   twelve	  months	   prior	   to	   the	   trial	   (April	  
2009	  to	  April	  2010)	  and	  was	  very	  similar	  to	  published	  figures	  from	  the	  same	  unit	  over	  a	  ten	  
year	  period	  (Karanjia	  et	  al,	  2009).	  After	  looking	  at	  the	  evidence	  from	  trials	  of	  ERP’s	  in	  both	  
other	  surgical	  specialties	  (Branagan	  et	  al,	  2010)	  and	  a	  small	  pilot	  study	  in	  liver	  surgery	  (van	  
Dam	   et	   al,	   2008)	   a	   reduction	   in	   length	   of	   stay	   of	   three	   days	   was	   selected	   as	   a	   clinically	  
significant	   target.	   To	   determine,	   with	   a	   power	   of	   80%	   using	   a	   two-­‐sided	   two-­‐sample	  
Student’s	  t-­‐test	  at	  the	  five	  percent	   level,	  whether	  the	  ERP	  group	  had	  a	  three	  day	  (or	  30%)	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reduction	  in	  postoperative	  length	  of	  stay	  compared	  to	  the	  control	  group,	  it	  was	  calculated	  a	  
minimum	  of	  89	  patients	  would	  be	  required	  (i.e.	  45	  patients	  in	  each	  group).	  	  
Given	  that	  the	  maximum	  number	  of	  subjects	  available	  for	  analysis	  would	  be	  90	  (45	  in	  each	  
group)	  a	  power	  calculation	  was	  required	  to	  determine	  the	  magnitude	  of	  change	  in	  IL-­‐6	  level	  
that	   could	   be	   detected	   using	   groups	   of	   this	   size.	   	   	   A	   literature	   review	  was	   conducted	   to	  
determine	  the	   ‘normal’	  magnitude	  of	  the	   IL-­‐6	  response	  to	  open	   liver	  resection	  revealing	  a	  
wide	   range	   of	   results.	   Badia	   et	   al	   (1998)	   examined	   the	   IL-­‐6	   response	   in	   13	   patients	  
undergoing	  open	  liver	  resection	  under	  total	  vascular	  exclusion	  and	  found	  postoperative	  IL-­‐6	  
levels	  had	  risen	  significantly	  above	  preoperative	  values	  by	  six	  hours	  and	  remained	  elevated	  
for	  72	  hours,	  peaking	  at	  mean	  value	  (±SD)	  of	  699±277	  pg/ml	  at	  24	  hours.	  However	  this	  was	  
a	   small	   study	   conducted	   over	   ten	   years	   ago	   using	   a	   technique	   (total	   vascular	   exclusion),	  
which	   is	   not	   relevant	   to	   the	   current	   study.	   Burpee	   et	   al	   (2002)	   conducted	   a	   pilot	   study	  
comparing	   the	   IL-­‐6	   response	   in	   subjects	   undergoing	   open	   liver	   resection	   with	   that	   in	  
subjects	  undergoing	   laparoscopic	   liver	   resection.	   In	   the	  open	   surgery	  group	   (n=7)	   the	   IL-­‐6	  
response	   peaked	   at	   10.3±2.6	   pg/ml	   24	   hours	   postoperatively	   –	   one	   of	   the	   smallest	  
responses	   described	   (Burpee	   et	   al,	   2002).	   Again	   this	  was	   a	   small	   study	   involving	   subjects	  
that	  are	  not	  entirely	  comparable	  to	  the	  ones	  in	  the	  current	  study.	  A	  study	  by	  Aldrighetti	  et	  al	  
(2006)	   examined	   the	   effect	   of	   preoperative	   steroid	   administration	   on	   the	   IL-­‐6	   response	  
following	  open	  liver	  resection	  included	  a	  control	  group	  of	  38	  patients	  who	  had	  a	  peak	  mean	  
IL-­‐6	   level	   of	   73±38	   pg/ml	   at	   24	   hours	   postoperatively,	   although	   all	   patients	   in	   this	   trial	  
received	  intermittent	  Pringle	  manoeuvre	  which	  may	  have	  impacted	  on	  the	  IL-­‐6	  response.	  A	  
study	   by	   Schmidt	   et	   al	   (2007)	   also	   examined	   the	   effect	   of	   preoperative	   steroid	  
administration	  on	  the	  IL-­‐6	  response	  to	  open	  liver	  resection.	  The	  control	  group	  in	  this	  study	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consisted	   of	   10	   patients	   who	   underwent	   open	   liver	   resection	   without	   the	   use	   of	  
intraoperative	   Pringle	   manoeuvre.	   IL-­‐6	   levels	   peaked	   at	   24	   hours	   postoperatively	   with	   a	  
mean	  91.5±87.5	  pg/ml.	  With	  the	  results	  from	  this	  study	  it	  was	  possible	  to	  calculate	  that	  with	  
45	  patients	  per	  treatment	  arm	  the	  minimum	  (with	  power	  80%	  and	  a	  2-­‐sided	  test	  at	  5%	  level)	  
detectable	   difference	   in	   IL-­‐6	   level	   at	   24	   hours	   postoperatively	   between	   groups	  would	   be	  
52.3	  pg/ml.	  	  
	  
2.6	   Laboratory	  methods	  
2.6.1	   Preparation	  and	  storage	  of	  patient	  blood	  samples	  
After	  collection,	  blood	  samples	  were	  allowed	  to	  clot	  for	  30	  minutes	  and	  then	  centrifuged	  at	  
13000	  rpm	  for	  ten	  minutes.	   	  Equal	  volume	  aliquots	  of	  serum	  were	  then	  pipetted	  into	  four	  
microtubes	   and	   stored	   at	   -­‐70°C.	   Immediately	   prior	   to	   analysis	   samples	  were	   thawed	   and	  
then	  centrifuged	  at	  13000	  rpm	  for	  ten	  minutes.	  
2.6.2	   Multiplex	  Bead	  Immunoassay	  for	  cytokine	  analysis	  
The	   multiplex	   bead	   immunoassay	   kits	   were	   supplied	   by	   Biomedical	   Diagnostics	   (BMD),	  
Antwerp,	  Belgium.	  	  	  Multiplex	  bead	  immunoassays	  are	  solid	  phase	  protein	  assays.	  The	  solid	  
support	   takes	   the	   form	  of	   ‘spectrally-­‐encoded’	  microbeads	  –	  100	  distinctly	   coloured	  bead	  
sets	   are	   produced	   by	   colouring	   the	   beads	   internally	   with	   varying	   concentrations	   of	   two	  
different	   fluorescent	   dyes	   (infra-­‐red	   and	   red).	   Each	   bead	   set	   was	   then	   conjugated	   to	   an	  
analyte-­‐specific	  ‘capture	  antibody’.	  The	  assay	  was	  performed	  in	  a	  96-­‐well	  plate	  format	  and	  
analysed	  with	  a	  FIDISTM	  (Fast	  and	  Innovative	  Diagnostic	  Instrument	  Solution,	  BMD,	  Antwerp,	  
Belgium)	   instrument	   -­‐	   a	   flow	   cytometer	   that	   uses	   laser-­‐excitation	   to	  monitor	   the	   spectral	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properties	  of	  the	  capture	  beads	  whilst	  simultaneously	  measuring	  the	  quantity	  of	  associated	  
fluorophore	   (see	   below).	   Standard	   curves	   were	   generated	   from	   serial	   dilution	   of	  
reconstituted	   lyophilized	   standards.	   Assay	   standards	  were	   calibrated	   to	  National	   Institute	  
for	  Biological	   Standards	   and	  Control	   (NIBSC)	   reference	  preparations,	  where	   available.	   The	  
multiplex	  bead	   immunoassay	   technique	   for	   quantifying	   cytokine	   concentrations	   in	  human	  
serum	   samples	   is	   well	   established	   and	   has	   been	   shown	   to	   be	   comparable	   to	   the	   more	  
traditional	  enzyme-­‐linked	  immunosorbent	  assay	  (ELISA)	  technique	  (Kellar	  et	  al,	  2001;	  Kerr	  et	  
al,	  2004;Tomic	  et	  al,	  2005)	  
Principle	  of	  the	  method	  -­‐	  Beads	  of	  defined	  spectral	  properties	  conjugated	  to	  analyte-­‐specific	  
capture	   antibodies	   and	   samples	   (including	   standards	   of	   known	   analyte	   concentration,	  
control	   specimens,	   and	   unknowns)	   were	   pipetted	   into	   the	   wells	   of	   a	   filter	   bottom	  
microplate	  and	  incubated	  for	  two	  hours.	  During	  this	  first	  incubation,	  analytes	  bound	  to	  the	  
capture	  antibodies	  on	  the	  beads	  (see	  Figure	  2.1).	  	  
	  
Figure	   2.1	   Multiplex	   bead	   immunoassay	   incubation	   1	   –	   target	   analytes	   bind	   to	   capture	  
antibodies	  on	  the	  surface	  of	  the	  beads	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After	  washing	  the	  beads,	  analyte-­‐specific	  biotinylated	  detector	  antibodies	  were	  added	  and	  
incubated	  with	  the	  beads	  for	  one	  hour.	  During	  this	  second	  incubation,	  the	  analyte-­‐specific	  
biotinylated	   detector	   antibodies	   recognized	   their	   epitopes	   and	   bound	   to	   the	   appropriate	  
immobilised	   analytes	   (see	   Figure	   2.2).	   After	   removal	   of	   excess	   biotinylated	   detector	  
antibodies,	  streptavidin	  conjugated	  to	  a	  fluorescent	  protein,	  R-­‐phycoerythrin	  (Streptavidin-­‐
RPE),	  was	  added	  for	  thirty	  minutes.	  During	  this	  final	  incubation,	  the	  streptavidin-­‐RPE	  bound	  
to	   the	   biotinylated	   detector	   antibodies	   associated	   with	   the	   immune	   complexes	   on	   the	  
beads,	  forming	  a	  four-­‐member	  solid	  phase	  sandwich	  (see	  Figure	  2.3).	  	  
	  
Figure	   2.2	   Multiplex	   bead	   immunoassay	   incubation	   2	   –	   analyte-­‐specific	   biotinylated	  
antibodies	  bind	  to	  the	  immobilised	  analyte	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Figure	   2.3	   Multiplex	   bead	   immunoassay	   incubation	   3	   –	   streptavidin-­‐RPE	   binds	   to	  
biotinylated	  antibody	  to	  form	  the	  four-­‐member	  solid	  phase	  sandwich	  
After	   washing	   to	   remove	   unbound	   streptavidin-­‐RPE,	   the	   beads	   were	   analysed	   with	   the	  
FIDISTM	  instrument.	  This	  flow	  cytometer	  which	  passed	  the	  beads	  in	  single	  file	  through	  a	  flow	  
cell	  where	  two	   lasers	  excited	  the	  beads	   individually.	  The	  red	   laser	  excited	  the	  dyes	  within	  
the	   beads	   thereby	   identifying	   which	   set	   they	   belong	   to.	   The	   green	   laser	   excited	   the	  
streptavidin-­‐RPE	  molecules	  bound	  to	  the	  beads	  thereby	  quantifying	  the	  amount	  of	  analyte	  
present	  (see	  Figure	  2.4).	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Figure	  2.4	  Flow	  cytometry-­‐based	  analysis	  of	  bead	  sets	  and	  streptavidin-­‐RPE	  binding	  events	  
	  
Reagent	  Preparation	  –	  	  
Reconstitution	  of	  lyophilized	  standards	  
Two	   vials	   of	   lyophilized	   standards	   were	   each	   reconstituted	   with	   0.5	   ml	   of	   assay	   diluent.	  
Assay	  diluent	  was	  supplied	  ready-­‐mixed	  by	  the	  manufacturer	  and	  contained	  15	  mM	  sodium	  
azide	   in	  15	  ml	  deionised	  water.	  The	  stoppers	  on	  the	  standard	  vials	  were	  replaced	  and	  the	  
vials	   allowed	   to	   stand	   undisturbed	   for	   10	   minutes.	   Following	   this	   each	   vial	   was	   gently	  
swirled	   and	   inverted	   two	   to	   three	   times	   to	   ensure	   complete	   reconstitution	   before	   being	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allowed	   to	   stand	   for	   a	   further	   five	  minutes.	  Using	   a	   pipette,	   300	  μl	  was	   then	   taken	   from	  
each	  vial	  and	  mixed	  together	  in	  a	  fresh	  vial	  by	  pipetting	  up	  and	  down	  five	  to	  ten	  times.	  
Preparation	  of	  standard	  curves	  
The	  standard	  curve	  was	  made	  by	  serial	  dilution	  of	  the	  reconstituted	  standard	  (see	  above)	  in	  
assay	  diluent.	  Mixing	  of	  the	  standard	  solution	  and	  assay	  diluent	  was	  done	  via	  pipetting	  up	  
and	   down	   five	   to	   ten	   times	   –	   not	   vortexing.	   Eight	   test	   tubes	  were	   labelled	   from	   zero	   to	  
seven.	  300	  μl	  of	  assay	  diluent	  was	  added	  to	  each	  of	  the	  tubes	  marked	  zero,	  one,	  two,	  three,	  
four,	   five	   and	   six.	   300	   μl	   of	   undiluted	   standard	   solution	   was	   added	   to	   the	   tube	   marked	  
seven.	  150	  μl	  was	  then	  taken	  from	  the	  tube	  marked	  seven	  and	  added	  to	  the	  tube	  marked	  
six.	  The	  contents	  of	  tube	  six	  were	  then	  mixed	  using	  the	  pipette	  as	  described	  above.	  150	  μl	  
was	   then	   taken	   from	   tube	   six	   and	  mixed	  with	   tube	   five.	   This	   process	  was	   repeated	   from	  
tube	  five	  to	  tube	  four,	  tube	  four	  to	  tube	  three,	  tube	  three	  to	  tube	  two	  and	  tube	  two	  to	  tube	  
one.	   Tube	   zero	   was	   not	   mixed	   with	   the	   contents	   of	   any	   other	   tube,	   remaining	   as	   assay	  
diluent	  only.	  
Preparation	  of	  antibody	  conjugated	  beads	  
Five	   vials	   of	   antibody-­‐conjugated	   beads	   were	   supplied	   by	   the	   manufacturer	   -­‐	   Human	  
cytokine	   inflammatory	  five-­‐plex	   (containing	  bead	  sets	  specific	   for	  GM-­‐CSF,	   IL-­‐1β,	   IL-­‐6,	   IL-­‐8,	  
TNF-­‐α),	  IFN-­‐γ,	  VEGF,	  IL-­‐10,	  IL-­‐4.	  Beads	  were	  supplied	  as	  a	  10x	  concentrate,	  requiring	  dilution	  
prior	  to	  use.	  Each	  bead	  vial	  was	  vortexed	  for	  one	  minute.	  0.25	  ml	  from	  each	  bead	  vial	  was	  
pipetted	  into	  a	  fresh	  3	  ml	  vial	  (five	  vials	  in	  total).	  1.25	  ml	  of	  wash	  solution	  (supplied	  by	  the	  
manufacturer)	  was	  added	  to	  each	  of	  these	  3ml	  vials.	  The	  stoppers	  were	  then	  replaced	  and	  
each	  of	  these	  vials	  was	  wrapped	  in	  aluminium	  foil	  to	  protect	  the	  beads	  from	  light.	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Assay	  Procedure	  
The	  assay	  was	  conducted	  using	  96	  well	   filter	  plates.	  To	  pre-­‐wet	   the	  wells,	  0.2	  ml	  of	  wash	  
solution	   was	   pipetted	   into	   each	   well	   and	   left	   to	   stand	   for	   15	   to	   30	   seconds.	   The	   wash	  
solution	  was	   then	  aspirated	   from	  the	  wells	  using	  a	  vacuum	  manifold.	  The	  vials	   containing	  
the	   diluted	   bead	   solutions	   (see	   above)	   were	   each	   vortexed	   for	   one	   minute	   immediately	  
prior	  to	  use.	  25	  μl	  of	  each	  dilute	  bead	  solution	  was	  pipetted	   into	  each	  well.	  Following	  the	  
addition	  of	  beads	   to	   the	  plate,	  when	  possible	   the	  plate	  was	  kept	  covered	  with	  aluminium	  
foil	  to	  protect	  it	  from	  the	  light.	  0.2	  ml	  of	  wash	  solution	  was	  added	  to	  each	  well.	  The	  beads	  
were	  left	  to	  soak	  in	  the	  wash	  solution	  for	  15	  to	  30	  seconds,	  before	  it	  was	  aspirated	  using	  a	  
vacuum	  manifold.	  This	  washing	  step	  was	  then	  repeated,	  following	  which	  the	  bottom	  of	  the	  
filter	   plate	   was	   blotted	   with	   clean	   paper	   towels	   to	   remove	   any	   excess	   liquid.	   50	   μl	   of	  
incubation	  buffer	  solution	  (supplied	  by	  the	  manufacturer)	  was	  then	  pipetted	  into	  each	  well.	  
Next,	   to	   the	   wells	   designated	   for	   the	   standard	   curve,	   100μl	   of	   the	   appropriate	   standard	  
solution	  was	  added.	  Then	  to	  the	  wells	  designated	  for	  serum	  samples,	  50μl	  of	  assay	  diluent	  
followed	  by	  50	  μl	  of	  serum	  sample	  was	  added.	  The	  plate	  was	  then	  covered	  with	  aluminium	  
foil	   and	   placed	   on	   an	   orbital	   plate	   shaker	   oscillating	   at	   500-­‐600	   rpm	   for	   two	   hours	   to	  
incubate.	  	  
Preparation	  of	  Detector	  Antibody	  
Ten	  to	  fifteen	  minutes	  prior	  to	  the	  completion	  of	  the	  first	  incubation	  phase,	  the	  biotinylated	  
antibody	   was	   prepared.	   Five	   vials	   of	   biotinylated	   antibody	   where	   supplied	   by	   the	  
manufacturer	   -­‐	   Human	   cytokine	   inflammatory	   five-­‐plex	   (containing	   bead	   sets	   specific	   for	  
GM-­‐CSF,	   IL-­‐1β,	   IL-­‐6,	   IL-­‐8,	   TNF-­‐α),	   IFN-­‐γ,	   VEGF,	   IL-­‐10,	   IL-­‐4.	   Biotinylated	   antibodies	   were	  
supplied	   as	   a	   10x	   concentrate	   requiring	   dilution.	   Using	   a	   pipette,	   1ml	   of	   each	   antibody	  
	  
	  
87	  
concentrate	  was	  added	  to	  a	  20	  ml	  vial.	  5	  ml	  of	  biotin	  diluent	  (supplied	  by	  the	  manufacturer)	  
was	   added	   then	   added	   to	   the	   20	  ml	   vial	   and	   the	   vial	   was	   wrapped	   in	   aluminium	   foil	   to	  
protect	  from	  the	  light.	  
Assay	  Procedure	  continued	  
After	  the	  two-­‐hour	  incubation	  was	  complete,	  the	  plate	  was	  removed	  from	  the	  orbital	  shaker	  
and	  all	  liquid	  was	  aspirated	  from	  the	  wells	  using	  a	  vacuum	  manifold.	  0.2	  ml	  of	  wash	  solution	  
was	  then	  added	  to	  each	  of	  the	  wells	  and	  allowed	  to	  stand	  for	  15	  to	  30	  seconds	  before	  being	  
aspirated	  with	  the	  vacuum	  manifold.	  This	  washing	  step	  was	  repeated	  once	  more	  then	  the	  
bottom	  of	  the	  filter	  plate	  was	  blotted	  with	  clean	  paper	  towels	  to	  remove	  any	  residual	  liquid.	  
Next	  100	  μl	  of	  the	  prepared	  biotinylated	  antibody	  solution	  was	  added	  to	  each	  well	  before	  
the	  plate	  was	  covered	  with	  aluminium	  foil	  and	  placed	  on	  the	  orbital	  shaker	  for	  one	  hour	  at	  a	  
speed	  of	  500-­‐600	  rpm	  (second	  incubation	  phase).	  
Preparation	  of	  Streptavidin-­‐RPE	  
Ten	   to	   fifteen	   minutes	   prior	   to	   the	   completion	   of	   the	   second	   incubation	   phase,	   the	  
streptavidin-­‐RPE	  was	  prepared.	  One	  vial	  of	  10x	  concentrated	  streptavidin-­‐RPE	  was	  supplied	  
by	   BMD.	   1ml	   of	   this	   was	   pipetted	   into	   a	   20	   ml	   vial.	   To	   this	   vial	   was	   added	   9ml	   of	  
streptavidin-­‐RPE	   diluent	   (supplied	   by	   the	   manufacturer)	   before	   the	   vial	   was	   wrapped	   in	  
aluminium	  foil	  to	  protect	  it	  from	  the	  light.	  
Assay	  Procedure	  continued	  
Following	   the	  one-­‐hour	   second	   incubation	  phase	   the	  plate	  was	   removed	   from	   the	  orbital	  
shaker	  and	  all	  the	  liquid	  was	  aspirated	  from	  the	  wells	  using	  the	  vacuum	  manifold.	  0.2	  ml	  of	  
wash	   solution	   was	   then	   added	   to	   each	   of	   the	   wells	   and	   allowed	   to	   stand	   for	   15	   to	   30	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seconds	  before	  being	  aspirated	  with	  the	  vacuum	  manifold.	  This	  washing	  step	  was	  repeated	  
once	   more	   then	   the	   bottom	   of	   the	   filter	   plate	   was	   blotted	   with	   clean	   paper	   towels	   to	  
remove	  any	  residual	  liquid.	  100	  μl	  of	  the	  prepared	  streptavidin-­‐RPE	  solution	  was	  then	  added	  
to	  each	  of	   the	  wells	  before	   the	  plate	  was	   covered	  with	  aluminium	   foil	   and	  placed	  on	   the	  
orbital	  shaker	  for	  30	  minutes	  at	  a	  speed	  of	  500-­‐600	  rpm	  (third	  incubation	  phase).	  During	  this	  
third	   incubation	   phase	   the	   FIDISTM	   instrument	   was	   prepared	   according	   to	   the	  
manufacturer’s	   instructions.	   Following	   completion	   of	   the	   30	   minutes,	   the	   plate	   was	  
removed	  from	  the	  orbital	  shaker	  and	  all	   the	   liquid	  was	  aspirated	  from	  the	  wells	  using	  the	  
vacuum	  manifold.	  0.2	  ml	  of	  wash	  solution	  was	  then	  added	  to	  each	  of	  the	  wells	  and	  allowed	  
to	  stand	  for	  10	  seconds	  before	  being	  aspirated	  with	  the	  vacuum	  manifold.	  This	  washing	  step	  
was	  repeated	  twice	  more	  then	  the	  bottom	  of	  the	  filter	  plate	  was	  blotted	  with	  clean	  paper	  
towels	  to	  remove	  any	  residual	  liquid.	  Finally,	  100	  μl	  of	  wash	  solution	  was	  added	  to	  each	  of	  
the	  wells	  before	  the	  plate	  was	  covered	  with	  aluminium	  foil	  and	  placed	  back	  on	  the	  orbital	  
shaker	   (500-­‐600	   rpm)	   for	   three	  minutes	   to	   re-­‐suspend	   the	  beads.	  Following	   this	   the	  plate	  
was	   removed	   from	   the	   orbital	   shaker,	   uncovered	   and	   placed	   on	   the	   XY	   platform	   of	   the	  
FIDISTM	  instrument	  for	  analysis.	  
2.6.3	   T-­‐Cell	  phenotype	  analysis	  –	  Flow	  cytometry	  
The	   identification	   and	   quantification	   of	   the	   T-­‐cell	   phenotypes	   analysed	   in	   this	   trial	   also	  
employed	  the	  use	  of	  flow	  cytometric	  analysis.	  Following	  collection,	  the	  EDTA	  sample	  tubes	  
(section	   2.1.8)	  were	   transferred	   immediately	   to	   the	   Camelia	   Botnar	   laboratories	   at	   Great	  
Ormond	  Street	  hospital	  in	  London,	  UK.	  The	  samples	  where	  then	  processed	  and	  analysed	  to	  
measure	  white	  cell,	  lymphocyte,	  B-­‐cell	  (CD19),	  T-­‐cell	  (CD3),	  CD4,	  CD8,	  natural	  killer	  (CD16	  +	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CD56)	  cell	  counts	  and	  HLA-­‐DR	  expression	  using	  a	  BD	  Biosciences	  (Oxford,	  UK)	  FACSCantoTM	  II	  
flow	  cytometer,	  following	  their	  standard	  operating	  procedures.	  
Principle	   of	   the	   procedure	   –	   The	   cells	   of	   interest	   are	   sucked	   out	   of	   a	   sample	   and	   forced	  
through	  a	  fine	  nozzle	  in	  a	  stream	  of	  saline.	  Cells	  within	  the	  stream	  were	  illuminated	  by	  laser	  
light	   of	   discrete	   frequencies	   to	   record	   light	   scattering	   and	   fluorescence	   emission.	   	   Light	  
scattering	  provides	   information	  about	  size	  (forward	  scatter)	  and	  granularity	  (side	  scatter)	   .	  
On	   this	   basis,	   sub-­‐populations	   of	   white	   blood	   cells	   were	   differentiated.	   Lymphocytes	   are	  
small	  and	  not	  granular	  and	  therefore	  have	  a	  small	  angle	  of	   light	  scatter.	  Granulocytes	  are	  
the	  largest	  and	  most	  granular	  and	  therefore	  have	  the	  biggest	  angle	  of	  light	  scatter.	  	  
In	   addition	   to	   differentiating	   cells	   based	   on	   their	   granularity	   and	   size,	   sub-­‐populations	   of	  
lymphocytes	   were	   identified	   using	   fluorescent	   monoclonal	   antibodies	   (as	   described	   in	  
section	  2.6.2).	  The	   four	  most	  common	   fluorochromes	  used	   to	  determine	   lymphocyte	  sub-­‐
populations	  were	   fluoroscine	   isothiocyanate	   (FITC)	   which	   fluoresces	   green,	   phycoerythrin	  
(PE)	   which	   fluoresces	   red,	   peridinin	   chlorophyll	   (PerCP)	   which	   fluoresces	   orange	   and	  
allophycocyanin	  (APC)	  which	  fluoresces	  blue.	  All	  these	  fluorochromes	  absorb	  the	  laser	  light,	  
and	   then	   fluoresce	   at	   longer	   wavelengths.	   The	   amount	   of	   light	   emitted	   by	   each	  
fluorochrome	  is	  detected	  by	  a	  detector	  which	  directly	  relates	  to	  the	  percentage	  of	  cells	  that	  
bound	  the	  fluorescent	  antibody.	  	  
	  
2.7	   Statistical	  methods	  and	  analysis	  
Statistical	  analysis	  of	  all	  variables	  was	  performed	  using	  the	  statistical	  software	  package	  ‘IBM	  
SPSS	   StatisticsTM	   –	   version	   19.0’	   (International	   Business	   Machines	   Corporation,	   Armonk,	  
New	   York,	   USA).	   Significance	   testing	   was	   conducted	   at	   the	   5%	   level	   for	   all	   variables.	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Categorical	   variables	   were	   analysed	   using	   the	   chi-­‐squared	   test.	   The	   distribution	   of	   all	  
continuous	   variables	   was	   assessed	   for	   normality	   by	   examining	   the	   descriptive	   statistics	  
(mean,	   mode,	   median,	   standard	   deviation,	   interquartile	   range,	   kurtosis,	   skew)	   and	  
performing	  a	  Kolmogorov-­‐Smirnov	  normality	  test.	  Normally	  distributed	  data	  were	  expressed	  
using	  the	  mean	  and	  standard	  deviation	  and	  significance	  tested	  using	  unpaired	  Student’s	  t-­‐
tests.	   Data	   that	   were	   not	   normally	   distributed	   were	   expressed	   using	   the	   median	   and	  
interquartile	  range	  and	  significance	  was	  tested	  using	  the	  non-­‐parametric	  Mann-­‐Whitney	  U	  
test.	   	   Graphs	   and	   charts	  were	   generated	   using	   either	   IBM	   SPSS	   Statistics	   version	   19.0	   or	  
Kaleidagraph	  version	  4.1	  (Synergy	  Software,	  Reading,	  Pennsylvania,	  USA).	  	  
Association	  between	  two	  variables	  was	  estimated	  by	  calculation	  of	  a	  Spearman	  correlation	  
coefficient,	  r.	  	  Significance	  of	  the	  value	  of	  r	  was	  estimated	  from	  
	  
where	  n	   is	   the	  number	  of	   samples.	   	   A	  p-­‐value	  was	   calculated	   from	   the	   value	  of	   t	   for	   the	  
appropriate	  value	  of	  n	  from	  look-­‐up	  tables.	  
	   	  
t = r
(1− r2 ) / (n− 2)
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Results	  
3.1	  Summary	  of	  patient	  and	  sample	  numbers	  and	  demographic	  data	  
3.1.1	   Patient	  and	  sample	  numbers	  	  
One	  hundred	  and	  five	  patients	  undergoing	  elective	  open	  liver	  resection	  were	  approached	  to	  
be	   enrolled	   in	   this	   randomised	   controlled	   trial.	   One	   patient	   declined,	   the	   remaining	   104	  
were	  randomised	  to	  either	  enhanced	  recovery	  (ERP)	  or	  control	  groups	  (standard	  care)	  
Fifty	  four	  patients	  were	  randomised	  to	  the	  control	  (standard	  care)	  group	  of	  which	  nine	  were	  
subsequently	   withdrawn	   for	   the	   following	   reasons;	   four	   patients	   were	   found	   to	   be	  
inoperable	  at	  the	  time	  of	  surgery	  and	  no	  liver	  resection	  took	  place;	  one	  patient	  was	  deemed	  
inoperable	  by	  the	  surgical	   team	  upon	  review	  of	  the	  CT	  scans	  prior	  to	  surgery;	  one	  patient	  
had	   the	   liver	   resection	   performed	   laparoscopically;	   one	   patient	   had	   an	   unplanned	  
concomitant	   wedge	   resection	   of	   the	   spleen;	   two	   patients	   had	   their	   planned	   surgeries	  
cancelled	  in	  favour	  of	  alternative	  treatment	  options	  following	  multidisciplinary	  team	  review.	  
Following	  these	  withdrawals	  there	  were	  45	  patients	  left	  in	  the	  control	  group.	  
Fifty	   patients	   were	   randomised	   to	   the	   ERP	   group	   of	   which	   four	   were	   subsequently	  
withdrawn	  for	  the	  following	  reasons;	  one	  patient	  was	  found	  to	  be	  inoperable	  at	  the	  time	  of	  
surgery;	  two	  patients	  were	  deemed	  inoperable	  by	  the	  surgical	  team	  upon	  review	  of	  CT	  scans	  
prior	   to	   surgery;	   one	   patient	  was	   still	   awaiting	   a	   date	   for	   surgery	   at	   the	   time	   of	   the	   trial	  
closing.	  Following	  these	  withdrawals	  there	  were	  46	  patients	  in	  this	  group.	  
In	  the	  control	  group,	  all	  patients	  had	  five	  perioperative	  blood	  samples	  taken	  and	  analysed	  
for	  cytokine	  and	  biochemical	  variables,	  totalling	  225	  samples.	  Six	  cytokine	  samples	  had	  been	  
lost/damaged	  in	  storage;	  one	  patient’s	  six-­‐hour	  sample;	  one	  patient’s	  72-­‐hour	  sample;	  two	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patients’	   48-­‐and	  72-­‐hour	   samples.	   Six	   biochemistry	   samples	  were	   also	   lost/damaged;	  one	  
patient’s	  72-­‐hour	   sample;	  all	   five	   samples	   from	  another	  patient.	   In	  both	  cases	   there	  were	  
219	  samples	  remaining,	  representing	  97.3%	  of	  the	  total.	  	  
In	  the	  ERP	  group,	  46	  patients	  had	  five	  perioperative	  blood	  samples	  taken	  and	  analysed	  for	  
cytokine	   and	   biochemical	   variables	   totalling	   230	   samples.	   Six	   cytokine	   samples	   were	  
lost/damaged	   in	   storage;	   three	   patients’	   72-­‐hour	   samples;	   one	   patient’s	   48-­‐hour	   sample;	  
one	   patient’s	   48-­‐	   and	   72-­‐hour	   samples.	   The	   remaining	   224	   samples	   were	   analysed,	  
representing	   97.4%	   of	   the	   total.	   Ten	   biochemsitry	   samples	   were	   lost/damaged;	   all	   five	  
samples	  from	  two	  patients.	  The	  remaining	  220	  samples	  were	  analysed,	  representing	  95.7%	  
of	  the	  total.	  
Twenty	  four	  patients	  in	  both	  groups	  had	  five	  perioperative	  samples	  taken	  and	  analysed	  for	  
T-­‐cell	  phenotype	  data.	  In	  the	  control	  group	  six	  samples	  were	  lost/damaged	  in	  storage;	  one	  
patient’s	  6-­‐hour	  sample;	  one	  patient’s	  24-­‐hour	  sample;	  one	  patient’s	  48-­‐hour	  sample;	  one	  
patient’s	   24-­‐,	   48-­‐	   and	   72-­‐hour	   samples.	   The	   remaining	   114	   samples	   were	   analysed,	  
representing	   95%	   of	   the	   total.	   In	   the	   ERP	   group	   12	   samples	   were	   lost/damaged;	   three	  
patients’	  6-­‐hour	  samples;	  one	  patient’s	  48-­‐hour	  sample;	  one	  patient’s	  72-­‐hour	  sample;	  two	  
patients’	   24-­‐	   and	   48-­‐hour	   samples;	   one	   patient’s	   6-­‐,	   24-­‐	   and	   48-­‐hour	   samples.	   The	  
remaining	  108	  samples	  were	  analysed,	  representing	  90%	  of	  the	  total.	  
All	  patients	  in	  both	  groups	  had	  morbidity	  data	  collected	  using	  the	  postoperative	  morbidity	  
survey	   (POMS)	   on	   days	   3,	   5,	   8	   and	   15	   postoperatively.	   The	   overall	   summary	   is	   shown	   in	  
Figure	   3.1	   using	   the	   CONSORT	   (Consolidating	   Standards	   Of	   Reporting	   Trials)	   group	   flow	  
diagram	  (Schulz	  et	  al,	  2010).	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Figure	  3.1	  CONSORT	  flow	  diagram	  
Assessed	  for	  eligibility	  
n=105	  
Randomised	  n=104	  
Enhanced	  recovery	  group	  n=50	  Control	  group	  (Standard)	  n=54	  
Withdrawn	  n=4	  
Inoperable	  at	  surgery	  n=1	  
Inoperable	  on	  scan	  n=2	  
Operation	  not	  required	  n=1	  
	  
	  
Total	  45	  patients	  
Withdrawn	  n=9	  
Inoperable	  at	  surgery	  n=4	  
Inoperable	  on	  scan	  n=1	  
Laparoscopic	  n=1	  
Additional	  procedure	  n=1	  
Operation	  not	  required	  n=2	  
Total	  46	  patients	  
Refused	  consent	  n=1	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Cytokine	  data	  –	  6	  time	  intervals	  
lost	  to	  follow	  up	  (4	  patients)	  
Biochemistry	  data	  -­‐	  6	  time	  
intervals	  lost	  to	  follow	  up	  (2	  
patients)	  
T-­‐Cell	  data	  collected	  for	  24	  
patients,	  6	  time	  intervals	  lost	  
to	  follow	  up	  (4	  patients)	  
Cytokine	  data	  –	  6	  time	  intervals	  
lost	  to	  follow	  up	  (5	  patients)	  
Biochemistry	  data	  –	  10	  time	  
intervals	  lost	  to	  follow	  up	  (2	  
patients)	  	  
T-­‐Cell	  data	  collected	  for	  24	  
patients,	  12	  time	  intervals	  lost	  
to	  follow	  up	  (8	  patients)	  
Cytokine	  data	  analysed	  (45	  
patients)–	  219/225	  intervals	  =	  
97.3%	  
Biochemistry	  data	  analysed	  (44	  
patients)-­‐	  219/225	  intervals	  =	  
97.3%	  
	  T-­‐Cell	  data	  analysed	  (24	  
patients)-­‐	  114/120	  intervals	  =	  
95%	  
Cytokine	  data	  analysed	  (46	  
patients)–	  224/230	  intervals	  =	  
97.4%	  
Biochemistry	  data	  analysed	  (44	  
patients)-­‐	  220/230	  intervals	  =	  
95.7%	  
	  T-­‐Cell	  data	  analysed	  (24	  
patients)-­‐	  108/120	  intervals	  =	  
90%	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3.1.2	   Demographic	  data	  
Table	  3.1	  contains	  a	  summary	  of	  the	  demographic	  data	  for	  the	  two	  groups.	  There	  were	  no	  
significant	   differences	   between	   the	   groups	   for	   age,	   gender,	   body	  mass	   index,	   ASA	   score,	  
portal	   vein	   embolisations,	   duration	   of	   procedure,	   weight	   of	   specimen,	   blood	   loss,	  
transfusions	  received,	  use	  of	  Pringle	  manoeuvre	  or	  use	  of	  peritoneal	  drain.	  	  
P-­‐POSSUM	  physiology	  scores	  were	   the	  similar	  across	   the	   two	  groups,	  and	  mirrored	   in	   the	  
morbidity	   and	   mortality	   data.	   However	   the	   P-­‐POSSUM	   operative	   severity	   scores	   were	  
significantly	   higher	   in	   the	   ERP	   group,	   mean	   score	   19.5	   (±	   3.6)	   versus	   17.1	   (±	   4.8)	   in	   the	  
control	   group	   (p=0.007).	   	   In	   addition,	   the	   number	   of	   patients	  who	   received	   preoperative	  
chemotherapy	  was	  significantly	  higher	   in	  the	  treatment	  group,	  36	  versus	  25	   in	  the	  control	  
group	  (p=0.021).	  
Finally	   there	   was	   a	   significant	   difference	   in	   the	   histopathological	   distribution	   between	  
groups,	  with	  more	  benign	   lesions	   in	   the	   control	   group	  and	  more	  malignant	   lesions	   in	   the	  
ERP	  group.	  There	  were	  nine	  benign	  and	  36	  malignant	  lesions	  in	  the	  control	  group	  versus	  one	  
benign	  and	  45	  malignant	  in	  the	  ERP	  group	  (p=0.021).	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Table	  3.1	  Patient	  demographics.	  	  Significant	  differences	  between	  control	  and	  ERP	  group	  are	  
indicated	  here	  and	  in	  following	  tables	  by	  the	  coloured	  box	  in	  the	  column	  of	  p-­‐values.	  
	   Standard	  care	   ERP	   p-­‐value	  
Number	  (n)	   45	   46	   	  
Mean	  (SD)	  age	  (years)	   65.6	  ±	  13.4	   62.2	  ±	  10.9	   0.110	  
Gender	  M:F	  
	  
23:22	   31:15	   0.114	  
Mean	  (SD)	  BMI	  
	  
25.9	  ±	  5	   26.7	  ±	  4.4	   0.309	  
Mean	  (SD)	  P-­‐POSSUM	  
physiology	  score	  
16.8	  ±	  3.6	   16.4	  ±	  3.4	   0.589	  
Mean	  (SD)	  P-­‐POSSUM	  operative	  
severity	  score	  
17.1	  ±	  4.8	   19.5	  ±	  3.6	   0.007	  
Mean	  (SD)	  P-­‐POSSUM	  morbidity	  
(%)	  
49.9	  ±	  21.9	   57.7	  ±	  20.1	   0.080	  
Median	  (IQR)	  P-­‐POSSUM	  
mortality	  (%)	  
2	  (1	  –	  4)	   3	  (2	  –	  6.3)	   0.206	  
ASA	  I	  
	  
2	   0	   	  
ASA	  II	  
	  
38	   43	   0.247	  
ASA	  III	  
	  
5	   3	   	  
Preoperative	  chemotherapy	  	   25	   36	   0.021	  
Portal	  Vein	  Embolisation	  
	  
5	   6	   0.777	  
Mean	  (SD)	  duration	  of	  
procedure	  (mins)	  
262.4	  ±	  77.3	   255	  ±	  68.1	   0.495	  
Size	  of	  resection	  major:minor	   12:33	   21:25	   0.06	  
Median	  (IQR)	  weight	  of	  
specimen	  (g)	  
179.5	  	  (69.6	  –	  
606.3)	  
373.3	  (156.3	  –	  
780.5)	  
0.137	  
Use	  of	  intraoperative	  Pringle	  
Manoeuvre	  
8	   12	   0.339	  
Mean	  (SD)	  blood	  loss	  (ml)	   525.8	  ±	  567.4	   630.3	  ±	  739.5	   0.510	  
Received	  transfusion	  
	  
4	   8	   0.231	  
Peritoneal	  drain	  inserted	   36	   40	   0.371	  
Metastatic	  colorectal	  
	  
36	   45	   	  
Benign	  
	  
9	   1	   0.007	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3.2	   The	  primary	  outcome	  -­‐	  	  IL-­‐6	  
Serum	   concentrations	   (pg/ml)	   of	   IL-­‐6	  were	  measured	   at	   five	   perioperative	   time	   points:	   0	  
(preoperative),	   6,	   24,	   48	   and	   72	   hours.	   The	   raw	  data	  were	   analysed	   and	   had	   a	   positively	  
skewed	  and	  kurtotic	  distribution.	  The	  median	  concentrations	   (and	   interquartile	   ranges)	  of	  
IL-­‐6	  for	  both	  groups	  at	  each	  of	  the	  five	  time	  points	  were	  plotted	  against	  time:	  Figure	  3.2.	  
Figure	  3.2	  Serum	   IL-­‐6	  values	   (pg/ml)	  as	  a	   function	  of	  postoperative	   time	   for	   standard	  and	  
ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	  
	  
There	  was	  no	  significant	  difference	  in	  the	  preoperative	  IL-­‐6	  concentrations	  between	  groups.	  
In	  the	  control	  group	  IL-­‐6	  concentration	  rose	  significantly	  from	  the	  preoperative	  value	  by	  six	  
hours.	  There	  was	  no	  significant	  difference	  in	  IL-­‐6	  concentration	  between	  six	  and	  48	  hours.	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By	  72	  hours	  the	  IL-­‐6	  concentration	  had	  fallen	  significantly,	  although	  it	  had	  still	  not	  returned	  
to	  preoperative	  levels.	  	  
The	   IL-­‐6	   response	   in	   the	   ERP	   group	   followed	   an	   identical	   pattern	   to	   that	   of	   the	   control	  
group.	  Tables	  3.2	  and	  3.3	  display	  the	  median	  IL-­‐6	  concentrations	  and	  interquartile	  ranges	  at	  
each	  time	  point	   for	   the	  control	  group	  and	  the	  ERP	  groups,	   respectively.	  Values	  have	  been	  
significance	  tested	  against	  the	  preoperative	  levels	  and	  p	  values	  are	  displayed.	  There	  was	  no	  
significant	   difference	   in	   IL-­‐6	   concentration	   between	   six,	   24	   and	   48	   hours	   in	   either	   group.	  
Comparison	   of	   IL-­‐6	   concentration	   at	   all	   time	   points	   with	   the	   six-­‐hour	   values	   was	   also	  
performed	  and	  the	  p	  values	  are	  also	  displayed.	  
Table	   3.2	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐6	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  IL-­‐6	  (IQR)	  
p	  value	  versus	  pre-­‐
operative	  
p	  value	  versus	  6	  
hours	  
Pre-­‐operative	  
	  
2.41	  (1.89-­‐3.68)	  
n=45	  
-­‐	   <0.001	  
6	  hours	  
	  
27.53	  (17.56-­‐44.48)	  
n=44	  
<0.001	   -­‐	  
24	  hours	  
	  
26.84	  (13.07-­‐53.03)	  
n=45	  
<0.001	   0.953	  
48	  hours	  
	  
21.54	  (12.81-­‐41.26)	  
n=43	  
<0.001	   0.292	  
72	  hours	  
	  
11.54	  (6.95-­‐21.65)	  
n=42	  
<0.001	   <0.001	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Table	   3.3	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐6	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  IL-­‐6	  (IQR)	  
p	  value	  versus	  pre-­‐
operative	  
p	  value	  versus	  6	  
hours	  
Pre-­‐operative	  
	  
2.19	  (1.61-­‐2.82)	  
n=46	  
-­‐	   <0.001	  
6	  hours	  
	  
27.54	  (16.69-­‐51.69)	  
n=46	  
<0.001	   -­‐	  
24	  hours	  
	  
34.47	  (18.77-­‐63.91)	  
n=46	  
<0.001	   1.000	  
48	  hours	  
	  
27.11	  (17.30-­‐45.28)	  
n=44	  
<0.001	   0.942	  
72	  hours	  
	  
10.81	  (5.74-­‐19.35)	  
n=42	  
<0.001	   <0.001	  
	  
Comparison	   of	   IL-­‐6	   concentration	   between	   groups	   showed	   that	   there	   was	   no	   significant	  
difference	  in	  IL-­‐6	  concentration	  at	  any	  perioperative	  time	  point	  (see	  Table	  3.4)	  
Table	   3.4	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐6	  
concentrations.	  
Time	  point	  
	  
Standard	  group	  
Median	  IL-­‐6	  (IQR)	  
ERP	  group	  
Median	  IL-­‐6	  (IQR)	  
p	  value	  	  
Pre-­‐operative	  
	  
2.41	  (1.89-­‐3.68)	  n=45	   2.19	  (1.61-­‐2.82)	  n=46	   0.110	  
6	  hours	  
	  
27.53	  (17.56-­‐44.48)	  n=44	   27.54	  (16.69-­‐51.69)	  n=46	   0.916	  
24	  hours	  
	  
26.84	  (13.07-­‐53.03)	  n=45	   34.47	  (18.77-­‐63.91)	  n=46	   0.272	  
48	  hours	  
	  
21.54	  (12.81-­‐41.26)	  n=43	   27.11	  (17.30-­‐45.28)	  n=44	   0.200	  
72	  hours	  
	  
11.54	  (6.95-­‐21.65)	  n=42	   10.81	  (5.74-­‐19.35)	  n=42	   0.671	  
	  
Table	  3.1	  showed	  that	  three	  demographic	  variables	  were	  different	  between	  the	  two	  groups,	  
i.e.:	  	  the	  P-­‐POSSUM	  operative	  severity	  score	  was	  significantly	  greater	  in	  the	  ERP	  group,	  more	  
patients	   in	   the	   ERP	   group	   had	   preoperative	   chemotherapy	   and	   there	   were	  more	   benign	  
cases	  in	  the	  control	  group.	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These	  differences	  in	  demographic	  factors	  may	  influence	  the	  values	  of	  IL-­‐6	  in	  the	  two	  groups	  
at	   the	   different	   time	   points.	   Differences	   between	   groups	   for	   these	   factors	   could	   have	   an	  
impact	   on	   the	   overall	   size	   of	   the	   stress	   response	   between	   groups	   including	   the	  
concentrations	  of	  IL-­‐6.	  In	  addition,	  although	  preoperative	  levels	  for	  IL-­‐6	  were	  generally	  low,	  
there	  was	  still	  a	  degree	  of	  variation	  between	  individuals	  and	  it	  is	  possible	  that	  patients	  with	  
high	  preoperative	  levels	  of	  IL-­‐6	  went	  on	  to	  have	  relatively	  higher	  levels	  of	  IL-­‐6	  at	  subsequent	  
time	  points.	  To	  allow	  for	  the	  potential	   impact	  of	  this	  and	  the	  differences	  in	  demographics,	  
the	  data	  was	  analysed	  using	  linear	  modelling.	  	  
For	  the	  IL-­‐6	  concentration	  at	  each	  time	  point,	  a	  linear	  model	  was	  constructed	  using	  group,	  
P-­‐POSSUM	  operative	  severity	  score	  (OSS),	  preoperative	  chemotherapy,	  histopathology	  and	  
preoperative	  IL-­‐6	  concentration	  as	  covariates.	  Analysis	  was	  conducted	  for	  main	  effects	  and	  
2-­‐way	   interactions	   between	   each	   group	   and	   the	   other,	   potentially	   confounding	   factors.	  
Following	  the	  initial	   linear	  model	  analysis	  the	  ‘fit’	  of	  the	  model	  was	  assessed	  by	  examining	  
the	   distribution	   of	   the	   residuals.	   Histograms	  were	   plotted	   of	   the	   residual	   values	   for	   both	  
groups	  (see	  Figure	  3.3).	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Figure	   3.3	   Histograms	   of	   residuals	   for	   IL-­‐6	   values	   at	   the	   6-­‐hour	   interval,	   following	   linear	  
modelling	  
	  
Looking	   at	   the	   histogram	   the	   distribution	   of	   the	   residuals	   appeared	   skewed	   and	   further	  
analysis	   using	   the	   Kolomogorov-­‐Smirnov	   test	   confirmed	   that	   distribution	  was	   not	   normal	  
(p=0.026),	  indicating	  that	  the	  initial	  linear	  model	  was	  a	  poor	  fit.	  The	  modelling	  was	  therefore	  
repeated	  using	   logarithmic	  values	  of	   IL-­‐6	  at	  each	   time	  point.	  The	  covariates	   remained	   the	  
same.	  Once	   again	   the	   ‘fit’	  was	   checked	   by	   plotting	   histograms	   of	   the	   residual	   values	   and	  
assessing	  them	  for	  normality	  (see	  Figure	  3.4).	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Figure	  3.4	  Histograms	  of	  residuals	  for	  log[IL-­‐6]	  values	  at	  the	  6-­‐hour	  interval	  following	  linear	  
modelling	  
This	   time	   the	   distributions	   appeared	   normal.	   Subsequent	   analysis	   using	   the	   Kolmogorov-­‐
Smirnov	   normality	   test	   confirmed	   that	   the	   distribution	   of	   the	   residuals	   was	   normal	  
(p=0.200)	  and	  this	  linearised	  model	  is	  an	  adequate	  fit.	  	  
With	  this	  methodology	  the	  concentration	  of	  IL-­‐6	  for	  each	  time	  point	  was	  compared	  between	  
groups.	  	  Non-­‐significant	  (p≥0.05)	  effects/interactions	  were	  removed	  sequentially,	  repeating	  
the	  model	  at	  each	  stage	  until	  any	  significant	  interactions	  (in	  this	  case	  none)	  and	  main	  effects	  
remained.	  These	  results	  are	  presented	  in	  Table	  3.5	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Table	  3.5	  Summary	  of	  main	  effects	  of	  factors	  on	  IL-­‐6	  concentration.	  
Factor	  
	  
IL-­‐6	  at	  6	  hours	  
Sig.	  
IL-­‐6	  at	  24	  hours	  
Sig.	  
IL-­‐6	  at	  48	  hours	  
Sig.	  
IL-­‐6	  at	  72	  hours	  
Sig.	  
Group	  
	  
0.720	   0.464	   0.438	   0.334	  
Preoperative	  
chemotherapy	  
-­‐	   0.033	   0.005	   0.001	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
0.009	   -­‐	   -­‐	   -­‐	  
Preoperative	  
IL-­‐6	  
<0.001	   0.027	   0.049	   0.006	  
	  
 
At	   24,	   48	   and	   72	   hours	   preoperative	   chemotherapy	   had	   a	   significant	   effect	   on	   IL-­‐6	  
concentration	   such	   that	   patients	   in	   both	   groups	   who	   had	   received	   preoperative	  
chemotherapy	  had	  a	  higher	  IL-­‐6	  concentration	  than	  those	  who	  had	  not	  (see	  Table	  3.6).	  	  
Table	  3.6	  Effect	  of	  preoperative	  chemotherapy	  on	  IL-­‐6	  response	  
	   Preoperative	  
chemotherapy	  
No	  preoperative	  
chemotherapy	  
Mean	   IL-­‐6	   at	   24	   hours	   (95%	  
confidence	  interval)	  
34.2	  (28.1	  -­‐	  41.6)	   23.4	  (17.7	  –	  31.0)	  
Mean	   IL-­‐6	   at	   48	   hours	   (95%	  
confidence	  interval)	  
29.6	  (24.8	  –	  35.5)	   18.9	  (14.7	  –	  24.3)	  
Mean	   IL-­‐6	   at	   72	   hours	   (95%	  
confidence	  interval)	  
14.6	  (11.8	  –	  18.2)	   7.5	  (5.5	  –	  10.4)	  
	  
At	  the	  six-­‐hour	  interval	  the	  operative	  severity	  score	  (OSS)	  had	  a	  statistically	  significant	  effect	  
on	   IL-­‐6	   concentration	   such	   that	   the	   higher	   an	   individual’s	   OSS	   the	   higher	   the	   IL-­‐6	  
concentration	   (see	   Figure	   3.5).	   The	   correlation	   coefficient	   for	   this	   relationship	   was	   0.28	  
(p=0.0075).	  There	  was	  no	  significant	  interaction	  between	  group	  and	  OSS	  indicating	  that	  this	  
effect	  was	  the	  same	  across	  both	  groups.	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Figure	  3.5	  Relationship	  between	  OSS	  and	  log	  IL-­‐6	  concentration	  at	  6	  hours	  	  
	  
The	   preoperative	   IL-­‐6	   concentration	   had	   a	   significant	   effect	   on	   the	   subsequent	   IL-­‐6	  
concentration	  at	   six,	  24	  and	  72	  hours	  with	  a	  positive	  correlation	  between	  the	   two	   factors	  
(see	  Table	  3.7)	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Table	   3.7	   Correlation	   coefficients	   for	   preoperative	   log[IL-­‐6]	   values	   versus	   log[IL6]	  
concentrations	  at	  subsequent	  time	  points	  
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.36	   0.00046	  
24	  hours	   0.21	   0.046	  
48	  hours	   0.18	   0.088	  
72	  hours	   0.27	   0.0097	  
	  
 
 
Most	   importantly,	   the	   results	   from	   the	   linear	  modelling	   show	   that	   even	   allowing	   for	   the	  
effects	   of	   the	   factors	   specified	   above,	   there	   was	   no	   significant	   difference	   in	   IL-­‐6	  
concentration	  between	  groups	  at	  six,	  24,	  48	  or	  72	  hours	  postoperatively.	  	  
3.2.1	   Summary	  of	  findings	  
In	   summary,	   the	   primary	   outcome	   measure	   for	   this	   trial	   –	   postoperative	   serum	   IL-­‐6	  
concentration	  –	  was	  no	  different	  between	  groups	  at	  any	  time	  point.	  Both	  groups	  exhibited	  a	  
significant	   rise	   in	   IL-­‐6	   from	  baseline,	  peaking	  between	  six	  and	  48	  hours	  before	  decreasing	  
significantly	  by	  72	  hours	  in	  both	  groups.	  Results	  from	  the	  demographic	  data	  indicated	  that	  
the	  ERP	  group	  included	  a	  significantly	  higher	  number	  of	  subjects	  with	  a	  malignant	  pathology	  
who	  had	  undergone	  preoperative	  chemotherapy	  and	  were	  also,	  given	  the	  higher	  operative	  
severity	  score,	  having	  more	  severe	  surgery.	  These	  factors	  may	  have	  potentially	  had	  an	  effect	  
on	   an	   individual’s	   subsequent	   IL-­‐6	   response	   and	   confounded	   the	   overall	   results.	   Linear	  
modelling	  was	  used	  to	  assess	  the	  impact	  of	  these	  factors	  and	  allow	  for	  their	  effect	  on	  IL-­‐6	  
concentration	  between	  groups.	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Patients	  in	  both	  groups	  who	  had	  received	  preoperative	  chemotherapy	  were	  found	  to	  have	  
significantly	  higher	  IL-­‐6	  concentrations	  at	  24,	  48	  and	  72	  hours.	  	  
There	   was	   also	   an	   association	   between	   operative	   severity	   score	   and	   serum	   IL-­‐6	  
concentration	  such	   that	   IL-­‐6	   increased	  with	   increasing	  OSS.	  However	   this	  effect	  was	  weak	  
(correlation	   coefficient	   0.28)	   and	   only	   present	   at	   6	   hours	  making	   it	   unlikely	   to	   have	   any	  
clinical	  significance.	  
Another	  potentially	  confounding	  factor	  was	  the	  baseline	  IL-­‐6	  concentrations	  in	  both	  groups.	  
To	   allow	   for	   the	   effect	   that	   baseline	   IL-­‐6	   might	   have	   on	   subsequent	   IL-­‐6	   levels,	   the	  
preoperative	  IL-­‐6	  concentrations	  were	  included	  in	  the	  model.	  The	  results	  showed	  there	  is	  a	  
significant	  correlation	  between	  preoperative	  IL-­‐6	  and	  IL-­‐6	  concentration	  with	  the	  exception	  
of	  the	  48	  hour	  time	  point	  where	  the	  relationship	  did	  not	  quite	  reach	  significance	  (p=0.088).	  
Whilst	  overall	   the	  effect	   is	  weak	   (correlation	   coefficients	   ranging	  between	  0.18	  –	  0.36),	   it	  
was	  correct	  to	  control	  for	  this	  factor.	  
	  
3.3	   Secondary	  outcomes	  –	  cytokine	  data	  
The	   statistical	   analysis	   of	   all	   remaining	   cytokine	   variables	  was	   performed	   using	   the	   same	  
methodology	  employed	  for	  the	  analysis	  of	  the	  primary	  outcome.	  Significance	  level	  used	  was	  
p<0.05.	  Significant	  main	  effects	  and	  interactions	  are	  quoted.	  	  
3.3.1	   IL-­‐1β	  	  
There	  was	  no	  significant	  difference	  in	  preoperative	  IL-­‐1β	  concentrations	  between	  groups.	  In	  
the	  control	  group	  the	  rise	  IL-­‐1β	  concentration	  did	  not	  quite	  reach	  significance	  by	  six	  hours	  
(p=0.051)	   but	   by	   24	   hours	   the	   IL-­‐1β	   concentration	   was	   significantly	   higher	   than	   the	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preoperative	   value.	   By	   48	   hours	   the	   IL-­‐1β	   concentration	   had	   fallen	   back	   to	   preoperative	  
levels	  (see	  Table	  3.8).	  There	  was	  no	  significant	  difference	  in	  IL-­‐1β	  	  concentration	  between	  six	  
and	  72	  hours.	   In	  comparison	  the	  rise	  in	  IL-­‐1β	  in	  the	  ERP	  group	  was	  significant	  by	  six	  hours	  
and	   remained	   significantly	   above	   preoperative	   levels	   for	   all	   remaining	   time	   points.	   There	  
was	   no	   difference	   between	   values	   at	   six,	   24,	   48	   and	   72	   hours	   (see	   Table	   3.9).	   	   Data	   are	  
shown	  in	  Figure	  3.6.	  
	  
Figure	  3.6	   Serum	   IL-­‐1β	  values	   (pg/ml)	   as	   a	   function	  of	  postoperative	   time	   for	   control	   and	  
ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	  
	  
	  
Comparison	   of	   IL-­‐1β	   concentration	   between	   groups	   showed	   that	   there	  was	   no	   significant	  
difference	  in	  IL-­‐1β	  concentration	  at	  any	  perioperative	  time	  point	  (see	  Table	  3.10)	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Table	   3.8	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐1β	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  IL-­‐1β	  (IQR)	  
p	  value	  versus	  pre-­‐operative	  
Pre-­‐operative	  
	  
1.87	  (1.64-­‐2.39)	  n=45	   -­‐	  
6	  hours	  
	  
2.11	  (1.85-­‐2.63)	  n=44	   0.051	  
24	  hours	  
	  
2.06	  (1.87-­‐2.50)	  n=45	   0.047	  
48	  hours	  
	  
2.08	  (1.83-­‐2.39)	  n=43	   0.218	  
72	  hours	  
	  
2.03	  (1.66-­‐2.20)	  n=42	   0.772	  
	  
	  
Table	   3.9	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐1β	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  IL-­‐1β	  (IQR)	  
p	  value	  versus	  pre-­‐operative	  
Pre-­‐operative	  
	  
1.83	  (1.63-­‐2.11)	  n=46	   -­‐	  
6	  hours	  
	  
2.15	  (1.85-­‐2.57)	  n=45	   <0.001	  
24	  hours	  
	  
2.11	  (1.85-­‐2.57)	  n=45	   0.001	  
48	  hours	  
	  
2.13	  (1.83-­‐2.80)	  n=44	   <0.001	  
72	  hours	  
	  
2.08	  (1.76-­‐2.35)	  n=42	   0.021	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
108	  
Table	   3.10	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐1β	  
concentrations	  
Time	  point	  
	  
Standard	  group	  
Median	  IL-­‐1β	  (IQR)	  
ERP	  group	  
Median	  IL-­‐1β	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
1.87	  (1.64-­‐2.39)	  
n=45	  
1.83	  (1.63-­‐2.11)	  
n=46	  
0.195	  
6	  hours	  
	  
2.11	  (1.85-­‐2.63)	  
n=44	  
2.15	  (1.85-­‐2.57)	  
n=45	  
0.867	  
24	  hours	  
	  
2.06	  (1.87-­‐2.50)	  
n=45	  
2.11	  (1.85-­‐2.57)	  
n=45	  
0.958	  
48	  hours	  
	  
2.08	  (1.83-­‐2.39)	  
n=43	  
2.13	  (1.83-­‐2.80)	  
n=44	  
0.316	  
72	  hours	  
	  
2.03	  (1.66-­‐2.20)	  
n=42	  
2.08	  (1.76-­‐2.35)	  
n=42	  
0.576	  
	  
The	   results	   of	   linear	   modelling	   are	   displayed	   in	   Table	   3.11.	   There	   were	   no	   significant	  
interactions	  between	  factors.	  
	  
Table	  3.11	  Summary	  of	  main	  effects	  of	  factors	  on	  IL-­‐1β	  concentration.	  	  
Factor	  
	  
IL-­‐1β	  at	  6	  hours	  
Sig.	  
IL-­‐1β	  at	  24	  
hours	  
Sig.	  
IL-­‐1β	  at	  48	  
hours	  
Sig.	  
IL-­‐1β	  at	  72	  
hours	  
Sig.	  
Group	  
	  
0.283	   0.300	   0.247	   0.286	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
IL-­‐1β	  
<0.001	   <0.001	   0.023	   0.006	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Table	  3.12	  Correlation	  coefficients	   for	   log	  preoperative	   IL-­‐1β	  with	   log	   IL-­‐1β	  concentrations	  
at	  subsequent	  time	  points.	  
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.36	   0.00053	  
24	  hours	   0.42	   0.000038	  
48	  hours	   0.23	   0.032	  
72	  hours	   0.29	   0.0075	  
	  
There	  was	  no	  significant	  difference	  in	  IL-­‐1β	  concentration	  between	  groups	  at	  6,	  24,	  48,	  or	  72	  
hours	   postoperatively.	   The	   preoperative	   IL-­‐1β	   concentration	   had	   a	   significant	   effect	   on	  
subsequent	  IL-­‐1β	  concentrations	  showing	  a	  positive	  correlation	  for	  both	  groups	  at	  all	  time	  
points.	  Correlation	  coefficients	  are	  displayed	  in	  Table	  3.12	  	  
	  
3.3.1.1	  	  Summary	  of	  findings	  
There	  was	  no	  significant	  difference	  in	  IL-­‐1β	  concentration	  between	  groups	  at	  any	  time	  point	  
measured.	   In	   the	   control	   group	   IL-­‐1β	   levels	   were	   only	   significantly	   elevated	   above	  
preoperative	   levels	   at	   24	   hours,	  whereas	   in	   the	   ERP	   group	   IL-­‐1β	  was	   significantly	   greater	  
than	   preoperative	   levels	   at	   six,	   24,	   48	   and	   72	   hours,	   although	   there	   was	   no	   significant	  
difference	  between	  these	  time	  points.	  
Preoperative	  chemotherapy,	  histopathological	  diagnosis	  and	  OSS	  did	  not	  have	  a	  significant	  
effect	  on	  IL-­‐1β	  concentration.	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There	   was	   a	   positive	   correlation	   between	   the	   preoperative	   IL-­‐1β	   concentration	   and	   the	  
subsequent	  levels	  for	  all	  time	  points.	  	  	  
 
 
3.3.2	  IL-­‐4	  	  
There	  was	  no	  significant	  difference	  in	  preoperative	  IL-­‐4	  concentrations	  between	  groups.	  In	  
the	   control	   group	   the	   there	   was	   no	   significant	   change	   in	   IL-­‐4	   levels	   at	   any	   of	   the	  
perioperative	  time	  points	  (see	  Table	  3.13).	  Neither	  was	  there	  any	  significant	  change	  in	  IL-­‐4	  
levels	  at	  any	  time	  point	  in	  the	  ERP	  group	  (see	  Table	  3.14).	  	  Data	  are	  shown	  in	  Figure	  3.7.	  
 
	  
Figure	  3.7	  Serum	  IL-­‐4	  values	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  ERP	  
groups.	  	  Median	  values	  and	  interquartile	  ranges.	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Comparison	   of	   IL-­‐4	   concentration	   between	   groups	   showed	   that	   there	   was	   no	   significant	  
difference	  in	  IL-­‐4	  concentration	  at	  any	  perioperative	  time	  point	  (see	  Table	  3.15)	  
	  
Table	  3.13	  Median	  values	  (pg/ml)	  and	  interquartile	  ranges	  of	  perioperative	  serum	  IL-­‐4	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  IL-­‐4	  (IQR)	  
p	  value	  versus	  pre-­‐operative	  
Pre-­‐operative	  
	  
16.34	  (14.89-­‐19.80)	  n=45	   -­‐	  
6	  hours	  
	  
16.34	  (14.89-­‐18.70)	  n=43	   0.524	  
24	  hours	  
	  
16.34	  (14.89-­‐17.98)	  n=45	   0.562	  
48	  hours	  
	  
15.63	  (14.89-­‐17.98)	  n=43	   0.569	  
72	  hours	  
	  
16.34	  (14.89-­‐20.00)	  n=42	   0.785	  
	  
	  
Table	   3.14	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐4	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  IL-­‐4	  (IQR)	  
p	  value	  versus	  pre-­‐operative	  
Pre-­‐operative	  
	  
15.58	  (13.71-­‐18.00)	  n=46	   -­‐	  
6	  hours	  
	  
16.35	  (14.85-­‐18.00)	  n=46	   0.352	  
24	  hours	  
	  
16.34	  (14.89-­‐18.00)	  n=46	   0.407	  
48	  hours	  
	  
16.34	  (14.21-­‐17.98)	  n=44	   0.645	  
72	  hours	  
	  
16.36	  (14.89-­‐18.00)	  n=42	   0.295	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Table	   3.15	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐4	  
concentrations	  
Time	  point	  
	  
Standard	  group	  
Median	  IL-­‐4	  (IQR)	  
ERP	  group	  
Median	  IL-­‐4	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
16.34	  (14.89-­‐19.80)	  
n=45	  
15.58	  (13.71-­‐18.00)	  
n=46	  
0.133	  
6	  hours	  
	  
16.34	  (14.89-­‐18.70)	  
n=43	  
16.35	  (14.85-­‐18.00)	  
n=46	  
0.961	  
24	  hours	  
	  
16.34	  (14.89-­‐17.98)	  
n=45	  
16.34	  (14.89-­‐18.00)	  
n=46	  
0.914	  
48	  hours	  
	  
15.63	  (14.89-­‐17.98)	  
n=43	  
16.34	  (14.21-­‐17.98)	  
n=44	  
0.812	  
72	  hours	  
	  
16.34	  (14.89-­‐20.00)	  
n=42	  
16.36	  (14.89-­‐18.00)	  
n=42	  
0.968	  
	  
	  
Table	  3.16	  Summary	  of	  main	  effects	  of	  factors	  on	  IL-­‐4	  concentration.	  	  
Factor	  
	  
IL-­‐4	  at	  6	  hours	  
Sig.	  
IL-­‐4	  at	  24	  hours	  
Sig.	  
IL-­‐4	  at	  48	  hours	  
Sig.	  
IL-­‐4	  at	  72	  hours	  
Sig.	  
Group	  
	  
0.054	   0.069	   0.218	   0.093	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
IL-­‐4	  
<0.001	   <0.001	   <0.001	   <0.001	  
	  
Table	   3.16	   displays	   the	   summary	   of	   the	   main	   effects	   of	   preoperative	   chemotherapy,	  
histopathology,	  OSS	  and	  preoperative	  IL-­‐4	  level	  on	  subsequent	  IL-­‐4	  levels	  in	  each	  group.	  	  
The	   preoperative	   IL-­‐4	   concentration	   had	   a	   significant	   effect	   on	   the	   subsequent	   IL-­‐4	  
concentration	   at	   all	   time	   points	  with	   a	   positive	   correlation	   between	   the	   two	   factors	   (see	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Table	  3.17	  and	  Figures	  3.8,	  3.9,	  3.10	  and	  3.11).	  There	  was	  no	  significant	  difference	   in	   IL-­‐4	  
between	  groups	  at	  any	  time	  point.	  
Table	   3.17	   Correlation	   coefficients	   for	   log[preoperative	   IL-­‐4]	   with	   log	   [IL4]	   at	   subsequent	  
time	  points	  
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.60	   <0.000001	  
24	  hours	   0.56	   <0.000001	  
48	  hours	   0.72	   <0.000001	  
72	  hours	   0.69	   <0.000001	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Figures	  3.8,	  3.9,	  3.10	  and	  3.11	  Correlation	  between	  preoperative	  IL-­‐4	  and	  IL-­‐4	  at	  subsequent	  
time	  points	  
	  
	  
3.3.2.1	  Summary	  of	  findings	  
Analysis	  of	  IL-­‐4	  levels	  showed	  no	  significant	  change	  across	  the	  perioperative	  time	  period	  in	  
either	  group.	   	  There	  was	  no	  significant	  difference	   in	   IL-­‐4	  concentration	  between	  groups	  at	  
any	  time	  point	  measured.	  	  
Preoperative	  chemotherapy,	  histopathological	  diagnosis	  and	  OSS	  did	  not	  have	  a	  significant	  
effect	  on	  IL-­‐4	  concentration.	  
There	   was	   a	   positive	   correlation	   between	   the	   preoperative	   IL-­‐4	   concentration	   and	   the	  
subsequent	   levels	   for	   all	   time	   points.	   	   This	   correlation	  was	   strongly	   significant	   at	   all	   time	  
points	  which	   to	  be	  expected	  given	   that	   there	  was	  no	   significant	   change	   in	   IL-­‐4	  across	   the	  
entire	  sampling	  period.	  
	  
3.3.3	   IL-­‐8	  	  
There	  was	  no	  significant	  difference	  in	  preoperative	  IL-­‐8	  concentrations	  between	  groups.	  In	  
the	  control	  group	   IL-­‐8	  concentration	  rose	  significantly	  by	  six	  hours,	   remaining	  significantly	  
higher	   than	   preoperative	   levels	   until	   48	   hours.	   At	   48	   and	   72	   hours	   it	   had	   returned	   to	  
preoperative	  levels	  (see	  Table	  3.18).	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Figure	  3.12	   Serum	   IL-­‐8	   values	   (pg/ml)	   as	   a	   function	  of	  postoperative	   time	   for	   control	   and	  
ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	  
	  
Table	   3.18	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐8	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  IL-­‐8	  (IQR)	  
p	  value	  versus	  pre-­‐
operative	  
p	  value	  versus	  6	  
hours	  
Pre-­‐operative	  
	  
11.56	  (9.61-­‐18.09)	  
n=45	  
-­‐	   0.001	  
6	  hours	  
	  
19.54	  (12.41-­‐39.26)	  
n=44	  
0.001	   -­‐	  
24	  hours	  
	  
17.29	  (12.46-­‐26.18)	  
n=45	  
0.003	   0.391	  
48	  hours	  
	  
13.16	  (10.48-­‐20.37)	  
n=42	  
0.146	   0.026	  
72	  hours	  
	  
12.75	  (9.84-­‐18.10)	  
n=41	  
0.672	   0.002	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In	   the	   ERP	   group	   IL-­‐8	   concentration	   also	   rose	   significantly	   by	   six	   hours	   but	   remained	  
significantly	   elevated	   above	   preoperative	   levels	   until	   72	   hours,	   when	   levels	   fell	   back	   to	  
baseline	  (see	  Table	  3.19)	  
Table	   3.19	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐8	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  IL-­‐8	  (IQR)	  
p	  value	  versus	  pre-­‐
operative	  
p	  values	  versus	  6	  
hours	  
Pre-­‐operative	  
	  
12.34	  (10.42-­‐16.95)	  
n=46	  
-­‐	   <0.001	  
6	  hours	  
	  
20.29	  (13.91-­‐30.53)	  
n=46	  
<0.001	   -­‐	  
24	  hours	  
	  
20.70	  (13.02-­‐30.43)	  
n=46	  
0.003	   0.514	  
48	  hours	  
	  
15.00	  (11.34-­‐29.96)	  
n=43	  
0.037	   0.111	  
72	  hours	  
	  
13.98	  (12.47-­‐23.10)	  
n=42	  
0.115	   0.005	  
	  
Comparison	   of	   IL-­‐8	   concentration	   between	   groups	   showed	   that	   there	   was	   no	   significant	  
difference	  in	  IL-­‐8	  concentration	  at	  any	  perioperative	  time	  point	  (see	  Table	  3.20)	  
Table	   3.20	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐8	  
concentrations	  
Time	  point	  
	  
Standard	  group	  
Median	  IL-­‐8	  (IQR)	  
ERP	  group	  
Median	  IL-­‐8	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
11.56	  (9.61-­‐18.09)	  
n=45	  
12.34	  (10.42-­‐16.95)	  
n=46	  
0.282	  
6	  hours	  
	  
19.54	  (12.41-­‐39.26)	  
n=44	  
20.29	  (13.91-­‐30.53)	  
n=46	  
0.498	  
24	  hours	  
	  
17.29	  (12.46-­‐26.18)	  
n=45	  
20.70	  (13.02-­‐30.43)	  
n=46	  
0.378	  
48	  hours	  
	  
13.16	  (10.48-­‐20.37)	  
n=42	  
15.00	  (11.34-­‐29.96)	  
n=43	  
0.125	  
72	  hours	  
	  
12.75	  (9.84-­‐18.10)	  
n=41	  
13.98	  (12.47-­‐23.10)	  
n=42	  
0.064	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Table	   3.21	   displays	   the	   summary	   of	   the	   main	   effects	   of	   preoperative	   chemotherapy,	  
histopathology,	  OSS	  and	  preoperative	  IL-­‐8	  level	  on	  subsequent	  IL-­‐8	  levels	  in	  each	  group.	  	  
Table	  3.21	  Summary	  of	  main	  effects	  of	  factors	  on	  IL-­‐8	  concentration.	  	  
Factor	  
	  
IL-­‐8	  at	  6	  hours	  
Sig.	  
IL-­‐8	  at	  24	  hours	  
Sig.	  
IL-­‐8	  at	  48	  hours	  
Sig.	  
IL-­‐8	  at	  72	  hours	  
Sig.	  
Group	  
	  
0.477	   0.421	   0.001*	   0.082	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
-­‐	   -­‐	   0.002*	   -­‐	  
Operative	  
severity	  score	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
IL-­‐8	  
<0.001	   <0.001	   <0.001	   <0.001	  
	  
In	  addition	  to	  the	  main	  effects	  the	  results	  of	  the	  linear	  modelling	  revealed	  a	  significant	  two-­‐
way	  interaction	  between	  group	  and	  histopathology	  at	  48	  hours	  (see	  Table	  3.22)	  
	  
Table	  3.22	  Summary	  of	  2-­‐way	  interactions	  between	  factors	  	  
Factor	   IL-­‐8	  at	  6	  
hours	  
Sig.	  
IL-­‐8	  at	  24	  
hours	  
Sig.	  
IL-­‐8	  at	  48	  
hours	  
Sig.	  
IL-­‐8	  at	  72	  
hours	  
Sig.	  
Group*Histopathology	  
	  
-­‐	   -­‐	   0.001	   -­‐	  
	  
The	   preoperative	   IL-­‐8	   concentration	   had	   a	   significant	   effect	   on	   subsequent	   IL-­‐8	  
concentration	   at	   all	   time	   points	  with	   a	   positive	   correlation	   between	   the	   two	   factors	   (see	  
Table	  3.23)	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Table	  3.23	  Correlation	  coefficients	   for	   log	  preoperative	   IL-­‐8	  with	   log	   IL8	   concentrations	  at	  
subsequent	  time	  points	  
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.39	   0.00015	  
24	  hours	   0.47	   0.000003	  
48	  hours	   0.35	   0.001	  
72	  hours	   0.40	   0.0018	  
	  
At	  48	  hours	   the	  histopathological	  diagnosis	   (benign	  or	  malignant)	  had	  a	  significant	   impact	  
on	   IL-­‐8	   concentration.	   This	   effect	  was	   subject	   to	   a	   significant	   2-­‐way	   interaction	   (p=0.001)	  
and	  was	  not	  consistent	  across	  groups.	  In	  the	  control	  group,	  the	  mean	  IL-­‐8	  at	  48	  hours	  was	  
higher	  in	  patients	  with	  a	  malignant	  diagnosis	  (see	  Table	  3.24).	  The	  opposite	  was	  true	  in	  the	  
treatment	   group	   where	   patients	   with	   a	   malignant	   diagnosis	   had	   a	   statistically	   significant	  
lower	  IL-­‐8	  concentration	  at	  48	  hours,	  however	  as	  there	  was	  only	  one	  patient	  with	  a	  benign	  
diagnosis	  in	  the	  treatment	  group	  and	  this	  result	  cannot	  be	  sensibly	  interpreted.	  	  
Table	  3.24	  Mean	  log	  IL-­‐8	  at	  48	  hours	  by	  histopathology	  for	  both	  groups	  
Group	   Histopathology	   Mean	  log	  IL-­‐8	  at	  48	  
hours	  
Standard	  deviation	  
Standard	  
n=42	  
Malignant	  n=34	   1.24	   0.33	  
Benign	  n=8	   1.13	   0.20	  
Enhanced	  
n=43	  
Malignant	  n=42	   1.24	   0.22	  
Benign	  n=1	   2.06	   -­‐	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Finally,	  after	  allowing	  for	  the	  effect	  of	  the	  factors	  included	  in	  the	  linear	  model,	  at	  48	  hours	  
IL-­‐8	  was	  significantly	  higher	  in	  the	  treatment	  group	  (p=0.001)	  (see	  Table	  3.25)	  
Table	  3.25	  Mean	  IL-­‐8	  concentrations	  at	  48	  hours	  
	   Standard	  group	   Enhanced	  group	  
Mean	   IL-­‐8	   at	   48	   hours	   (95%	  
confidence	  interval)	  
16.3	  (13.0	  –	  20.4)	   49.3	  (27.7	  –	  87.7)	  
	  
3.3.3.1	  	  	  Summary	  of	  findings	  
Both	  groups	  exhibited	  a	  significant	  rise	  in	  IL-­‐8	  from	  preoperative	  values	  to	  six	  hours.	  In	  the	  
control	   group	   the	   IL-­‐8	   level	   remained	  elevated	  until	   48	  hours	  at	  which	  point	   it	   decreased	  
significantly,	  returning	  to	  preoperative	  levels.	  In	  the	  ERP	  group	  IL-­‐8	  remained	  elevated	  until	  
72	   hours	   at	   which	   point	   it	   returned	   to	   preoperative	   levels.	   Although	   initial	   comparison	  
between	  groups	  found	  no	  significant	  difference	  in	  IL-­‐8	  levels	  at	  any	  time	  point,	  the	  results	  of	  
the	  linear	  modelling	  revealed	  serum	  IL-­‐8	  concentration	  at	  48	  hours	  to	  be	  significantly	  higher	  
in	  the	  treatment	  group	  (p=0.001).	  This	  effect	  was	  not	  seen	  at	  any	  other	  time	  point,	  although	  
at	  72	  hours	  it	  was	  approaching	  significance	  (p=0.082).	  	  
In	   addition,	   at	   48	   hours	   there	   was	   a	   significant	   relationship	   between	   histopathological	  
diagnosis	  and	   IL-­‐8	  concentration	  (p=0.002).	  However,	  this	  effect	  was	  not	  consistent	  across	  
groups	  and	  was	  likely	  influenced	  by	  the	  very	  small	  number	  of	  benign	  cases	  in	  the	  treatment	  
group	  (n=1).	  In	  combination	  with	  the	  fact	  that	  the	  effect	  is	  not	  seen	  at	  any	  other	  time	  point,	  
it	  seems	  most	  likely	  that	  this	  statistical	  finding	  does	  not	  represent	  any	  true	  effect.	  
There	   was	   a	   positive	   correlation	   between	   the	   preoperative	   IL-­‐8	   concentration	   and	   the	  
subsequent	  levels	  for	  all	  time	  points.	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3.3.4	   IL-­‐10	  	  
There	  was	  no	  significant	  difference	  in	  preoperative	  IL-­‐10	  concentrations	  between	  groups.	  In	  
the	  control	  group	  IL-­‐10	  rose	  significantly	  by	  six	  hours	  and	  remained	  significantly	  higher	  than	  
baseline	  for	  the	  entire	  sampling	  period.	  There	  was	  no	  significant	  difference	  between	  six	  and	  
24	   hours	   but	   by	   48	   hours	   IL-­‐10	   levels	   had	   decreased	   significantly.	   At	   72	   hours	   the	   IL-­‐10	  
concentration	  was	  significantly	  lower	  than	  the	  48	  hour	  level	  but	  still	  significantly	  higher	  than	  
baseline	  (see	  Table	  3.26).	  	  Data	  are	  shown	  in	  Fig	  3.13.	  
	  
Figure	  3.13	  Serum	  IL-­‐10	  values	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  
ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	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Table	   3.26	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐10	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  IL-­‐10	  
(IQR)	  
p	  vs	  pre-­‐
op	  
p	  vs	  6	  
hours	  
p	  vs	  24	  
hours	  
p	  vs	  48	  
hours	  
p	  vs	  72	  
hours	  
Pre-­‐op	  
	  
1.31	  (0.88-­‐1.75)	  
n=45	  
-­‐	   <0.001	   <0.001	   <0.001	   <0.001	  
6	  hours	  
	  
4.30	  (2.87-­‐7.89)	  
n=43	  
<0.001	   -­‐	   0.174	   <0.001	   <0.001	  
24	  hours	  
	  
3.53	  (2.46-­‐6.23)	  
n=45	  
<0.001	   0.174	   -­‐	   0.007	   <0.001	  
48	  hours	  
	  
2.65	  (1.66-­‐3.86)	  
n=43	  
<0.001	   <0.001	   0.007	   -­‐	   0.003	  
72	  hours	  
	  
1.78	  (1.38-­‐2.63)	  
n=42	  
<0.001	   <0.001	   <0.001	   0.003	   -­‐	  
	  
The	  pattern	  of	  IL-­‐10	  response	  was	  identical	  in	  the	  ERP	  group,	  rising	  significantly	  by	  six	  hours	  
and	   plateauing	   between	   six	   and	   24	   hours,	   before	   decreasing	   and	   becoming	   significantly	  
lower	  by	  48	  hours	  (lower	  still	  by	  72	  hours	  -­‐	  see	  Table	  3.27).	  
Table	   3.27	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐10	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  IL-­‐10	  
(IQR)	  
p	  vs	  pre-­‐
op	  
p	  vs	  6	  
hours	  
p	  vs	  24	  
hours	  
p	  vs	  48	  
hours	  
p	  vs	  72	  
hours	  
Pre-­‐op	  
	  
1.20	  (0.92-­‐1.56)	  
n=46	  
-­‐	   <0.001	   <0.001	   <0.001	   <0.001	  
6	  hours	  
	  
3.72	  (2.27-­‐5.88)	  
n=46	  
<0.001	   -­‐	   0.380	   0.012	   <0.001	  
24	  hours	  
	  
4.53	  (3.10-­‐6.90)	  
n=46	  
<0.001	   0.380	   -­‐	   <0.001	   <0.001	  
48	  hours	  
	  
2.78	  (1.74-­‐3.73)	  
n=44	  
<0.001	   0.012	   <0.001	   -­‐	   0.008	  
72	  hours	  
	  
1.98	  (1.34-­‐2.65)	  
n=42	  
<0.001	   <0.001	   <0.001	   0.008	   -­‐	  
	  
Comparison	  of	   IL-­‐10	  concentrations	  between	  groups	  showed	  that	   there	  was	  no	  significant	  
difference	  at	  any	  time	  point	  (see	  Table	  3.28)	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Table	   3.28	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IL-­‐10	  
concentrations	  
Time	  point	  
	  
Standard	  group	  
Median	  IL-­‐10	  (IQR)	  
ERP	  group	  
Median	  IL-­‐10	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
1.31	  (0.88-­‐1.75)	  n=45	   1.20	  (0.92-­‐1.56)	  n=46	   0.565	  
6	  hours	  
	  
4.30	  (2.87-­‐7.89)	  n=43	   3.72	  (2.27-­‐5.88)	  n=46	   0.235	  
24	  hours	  
	  
3.53	  (2.46-­‐6.23)	  n=45	   4.53	  (3.10-­‐6.90)	  n=46	   0.162	  
48	  hours	  
	  
2.65	  (1.66-­‐3.86)	  n=43	   2.78	  (1.74-­‐3.73)	  n=44	   0.760	  
72	  hours	  
	  
1.78	  (1.38-­‐2.63)	  n=42	   1.98	  (1.34-­‐2.65)	  n=42	   0.694	  
 
 
Table	   3.29	   displays	   the	   summary	   of	   the	   main	   effects	   of	   preoperative	   chemotherapy,	  
histopathology,	   operative	   severity	   score	   and	  preoperative	   IL-­‐10	   level	   on	   subsequent	   IL-­‐10	  
levels	  in	  each	  group. 
 
Table	  3.29	  Summary	  of	  main	  effects	  of	  factors	  on	  IL-­‐10	  concentration.	  	  
Factor	  
	  
IL-­‐10	  at	  6	  hours	  
Sig.	  
IL-­‐10	  at	  24	  
hours	  
Sig.	  
IL-­‐10	  at	  48	  
hours	  
Sig.	  
IL-­‐10	  at	  72	  
hours	  
Sig.	  
Group	  
	  
	   	   0.417	   0.069	   0.367	   0.688	  
Preoperative	  
chemotherapy	  
0.001	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
0.002	   -­‐	   -­‐	   0.023	  
Preoperative	  
IL-­‐10	  
<0.001	   <0.001	   <0.001	   <0.001	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The	   preoperative	   IL-­‐10	   concentration	   had	   a	   significant	   effect	   on	   subsequent	   IL-­‐10	  
concentration	   at	   all	   time	   points	  with	   a	   positive	   correlation	   between	   the	   two	   factors	   (see	  
Table	  3.30)	  
Table	  3.30	  Correlation	  coefficients	  for	  log	  [preoperative	  IL-­‐10]	  with	  log	  [IL-­‐10]	  at	  subsequent	  
time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.47	   0.000003	  
24	  hours	   0.47	   0.000003	  
48	  hours	   0.41	   0.00008	  
72	  hours	   0.44	   0.000028	  
	  
At	   6	   hours,	   preoperative	   chemotherapy	   had	   a	   significant	   effect	   on	   [IL-­‐10]	   (p=0.002)	   such	  
that	  patients	  who	  received	  preoperative	  chemotherapy	  had	  a	  significantly	  lower	  IL-­‐10	  (see	  
Table	  3.31)	  
Table	  3.31	  Effect	  of	  preoperative	  chemotherapy	  on	  IL-­‐10	  response	  
	   Preoperative	  
chemotherapy	  
No	  preoperative	  
chemotherapy	  
Mean	   IL-­‐10	   at	   6	   hours	   (95%	  
confidence	  interval)	  
3.8	  (3.1	  –	  4.5)	   7.0	  (5.3	  –	  9.3)	  
	  
In	   addition,	   at	   six	   and	   72	   hours,	   the	   linear	  modelling	   indicated	   an	   effect	   of	   OSS	   on	   IL-­‐10	  
concentration.	   Analysis	   of	   the	   data	   demonstrated	   a	   weak	   positive	   correlation	   between	  
these	   variables	   which	   was	   not	   significant	   at	   six	   hours	   (r=0.14,	   p=0.191)	   and	   only	   just	  
significant	  at	  72	  hours	  (r=0.23,	  p=0.035)	  (see	  Figures	  3.14	  and	  3.15)	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Figures	   3.14	   and	   3.15	   Relationship	   between	   operative	   severity	   score	   (OSS)	   and	   log	   IL-­‐10	  
concentration	  at	  six	  and	  72	  hours	  
There	  was	  no	  significant	  difference	  in	  IL	  -­‐10	  between	  groups	  at	  any	  time	  point.	  
3.3.4.1	  	  Summary	  of	  findings	  
Both	   groups	   exhibited	   a	   significant	   rise	   in	   IL-­‐10	   from	  preoperative	   values	   to	   values	   at	   six	  
hours.	   In	   the	   control	   group	   IL-­‐10	   peaked	   between	   six	   and	   24	   hours	   before	   decreasing	  
significantly.	  The	  pattern	  of	   IL-­‐10	   response	  was	   similar	   in	   the	  ERP	  group,	  with	   IL-­‐10	   levels	  
peaking	  between	   six	   and	  24	  hours	   before	  decreasing.	   IL-­‐10	   remained	   significantly	   greater	  
than	   preoperative	   values	   for	   the	   entire	   sampling	   period	   in	   both	   groups.	   There	   was	   no	  
significant	  difference	  in	  IL-­‐10	  concentration	  between	  groups	  at	  any	  time	  point	  measured.	  	  
At	   six	   hours	   IL-­‐10	   concentration	   was	   significantly	   higher	   in	   those	   subjects	   who	   had	   not	  
received	  preoperative	  chemotherapy	  compared	  with	   those	  who	  had	   (p=0.001).	  This	  effect	  
was	  not	  observed	  at	  any	  of	  the	  subsequent	  time	  points.	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In	   addition,	   six	   and	   72	   hours	   there	   was	   a	   positive	   correlation	   between	   OSS	   and	   IL-­‐10	  
concentration,	   however	   the	   correlation	   was	   only	   statistically	   significant	   at	   72	   hours	   and	  
combined	  with	  the	  fact	  that	  there	  was	  no	  significant	  correlation	  demonstrated	  at	  the	  other	  
time	  points,	  probably	  indicates	  that	  this	  finding	  does	  not	  represent	  a	  true	  effect.	  
There	   was	   a	   positive	   correlation	   between	   the	   preoperative	   IL-­‐10	   concentration	   and	   the	  
subsequent	  levels	  for	  all	  time	  points.	  	  	  
	  
3.3.5	   GM-­‐CSF	  
	  
 
Figure	   3.16	   Serum	  GM-­‐CSF	   values	   (pg/ml)	   as	   a	   function	  of	   postoperative	   time	   for	   control	  
and	  ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	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There	  was	  no	  significant	  difference	  in	  preoperative	  GM-­‐CSF	  concentrations	  between	  groups.	  
In	  the	  control	  group	  GM-­‐CSF	  rose	  significantly	  by	  six	  hours	  and	  remained	  elevated	  until	  72	  
hours	   by	   which	   time	   it	   had	   returned	   to	   preoperative	   levels.	   There	   was	   no	   significant	  
difference	   between	   six	   and	   48-­‐hour	   GM-­‐CSF	   levels.	   The	   72-­‐hour	   GM-­‐CSF	   level	   was	  
significantly	  lower	  than	  the	  six	  to	  48-­‐hour	  levels	  (see	  Table	  3.32)	  
	  
	  
Table	  3.32	  Median	  values	  (pg/ml)	  and	  interquartile	  ranges	  of	  perioperative	  serum	  GM-­‐CSF	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  GM-­‐CSF	  
(IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
2.23	  (1.95-­‐2.42)	  
n=45	  
	   	  -­‐	   <0.001	  
6	  hours	  
	  
2.60	  (2.31-­‐2.97)	  
n=43	  
<0.001	   -­‐	  
24	  hours	  
	  
2.89	  (2.35-­‐3.20)	  
n=45	  
<0.001	   0.338	  
48	  hours	  
	  
2.60	  (2.23-­‐3.25)	  
n=43	  
0.002	   0.914	  
72	  hours	  
	  
2.48	  (1.99-­‐2.98)	  
n=42	  
0.061	   0.037	  
	  
	  
In	  the	  ERP	  group	  GM-­‐CSF	  rose	  significantly	  by	  six	  hours	  and	  not	  return	  to	  preoperative	  levels	  
for	   the	   entire	   sampling	   period	   (72	   hours).	   GM-­‐CSF	   levels	   were	   not	   significantly	   different	  
between	  six	  and	  48	  hours.	  The	  72-­‐hour	  level	  for	  GM-­‐CSF	  was	  significantly	  lower	  than	  the	  six-­‐
hour	  level	  but	  still	  significantly	  higher	  than	  the	  preoperative	  level	  (see	  Table	  3.33)	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Table	  3.33	  Median	  values	  (pg/ml)	  and	  interquartile	  ranges	  of	  perioperative	  serum	  GM-­‐CSF	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  GM-­‐CSF	  
(IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
2.00	  (1.73-­‐2.60)	  
n=46	  
	   	  -­‐	   <0.001	  
6	  hours	  
	  
2.87	  (2.30-­‐3.33)	  
n=46	  
<0.001	   -­‐	  
24	  hours	  
	  
2.93	  (2.31-­‐3.27)	  
n=46	  
<0.001	   0.900	  
48	  hours	  
	  
2.82	  (2.25-­‐3.29)	  
n=44	  
<0.001	   0.955	  
72	  hours	  
	  
2.36	  (1.99-­‐2.67)	  
n=42	  
0.047	   0.004	  
	  
	  
Comparison	   of	   GM-­‐CSF	   concentrations	   between	   groups	   showed	   that	   there	   was	   no	  
significant	  difference	  at	  any	  time	  point	  (Table	  3.34).	  
Table	  3.34 Median	  values	  (pg/ml)	  and	  interquartile	  ranges	  of	  perioperative	  serum	  GM-­‐CSF	  
concentrations 
Time	  point	  
	  
Standard	  group	  
Median	  GM-­‐CSF	  (IQR)	  
ERP	  group	  
Median	  GM-­‐CSF	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
2.23	  (1.95-­‐2.42)	  n=45	   2.00	  (1.73-­‐2.60)	  n=46	   0.341	  
6	  hours	  
	  
2.60	  (2.31-­‐2.97)	  n=43	   2.87	  (2.30-­‐3.33)	  n=46	   0.484	  
24	  hours	  
	  
2.89	  (2.35-­‐3.20)	  n=45	   2.93	  (2.31-­‐3.27)	  n=46	   0.886	  
48	  hours	  
	  
2.60	  (2.23-­‐3.25)	  n=43	   2.82	  (2.25-­‐3.29)	  n=44	   0.622	  
72	  hours	  
	  
2.48	  (1.99-­‐2.98)	  n=42	   2.36	  (1.99-­‐2.67)	  n=42	   0.365	  
	  
 
Table	   3.35	   displays	   the	   summary	   of	   the	   main	   effects	   of	   preoperative	   chemotherapy,	  
histopathology,	  OSS	  and	  preoperative	  GM-­‐CSF	   level	  on	   subsequent	  GM-­‐CSF	   levels	   in	  each	  
group.	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Table	  3.35	  Summary	  of	  main	  effects	  of	  factors	  on	  GM-­‐CSF	  concentration.	  	  
Factor	  
	  
GM-­‐CSF	  at	  6	  
hours	  
Sig.	  
GM-­‐CSF	  at	  24	  
hours	  
Sig.	  
GM-­‐CSF	  at	  48	  
hours	  
Sig.	  
GM-­‐CSF	  at	  72	  
hours	  
Sig.	  
Group	  
	  
0.360	   0.651	   0.554	   0.694	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
GM-­‐CSF	  
<0.001	   0.004	   -­‐	   -­‐	  
	  
There	  was	  a	  significant	  correlation	  between	  preoperative	  GM-­‐CSF	  concentrations	  and	  GM-­‐
CSF	  concentrations	  at	  6	  and	  24	  hours	  with	  correlation	  coefficients	  of	  0.34	   (p=0.0011)	  and	  
0.32	  (p=0.002)	  respectively	  (see	  Figures	  3.17	  and	  3.18)	  	  
	   	  
Figures	  3.17	  and	  3.18	  Correlation	  between	  preoperative	  GM-­‐CSF	  and	  GM-­‐CSF	  at	  6	  and	  24	  
hours	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There	  was	  no	  significant	  difference	  in	  GM-­‐CSF	  between	  groups	  at	  any	  time	  point.	  
3.3.5.1	  	  Summary	  of	  findings	  
GM-­‐CSF	   levels	   increased	   significantly	   from	   preoperative	   values	   to	   six-­‐hour	   values	   in	   both	  
groups.	  In	  the	  control	  group	  GM-­‐CSF	  plateaued	  between	  six	  and	  48	  hours	  but	  by	  72	  hours	  
had	   decreased	   and	   was	   no	   longer	   significantly	   above	   the	   preoperative	   level.	   In	   the	   ERP	  
group	   peaking	   at	   24	   hours.	   There	   was	   no	   significant	   difference	   in	   GM-­‐CSF	   concentration	  
between	  groups	  at	  any	  time	  point	  measured.	  	  
Preoperative	  chemotherapy,	  histopathological	  diagnosis	  and	  OSS	  did	  not	  have	  a	  significant	  
effect	  on	  GM-­‐CSF	  concentration.	  
There	  was	  a	  positive	  correlation	  between	  the	  preoperative	  GM-­‐CSF	  concentration	  and	  the	  
subsequent	  levels	  at	  6	  and	  24	  hours,	  but	  this	  effect	  was	  not	  seen	  at	  48	  and	  72	  hours.	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3.3.6	   IFN-­‐γ	  
There	  was	  no	   significant	  difference	   in	  preoperative	   IFN-­‐γ	   concentrations	  between	  groups.	  
Neither	  group	  showed	  any	  significant	  change	  in	  IFN-­‐γ	  concentration	  from	  their	  preoperative	  
level	  at	  any	  time	  point	  in	  the	  sampling	  period	  (see	  Tables	  3.36	  and	  3.37,	  Figure	  3.19).	  	  
	  
Figure	  3.19	  Serum	  IFN-­‐γ	  values	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  
ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	  
	  
Comparison	   of	   IFN-­‐γ	   concentration	   between	   groups	   showed	   there	   was	   no	   significant	  
difference	  at	  any	  time	  point	  (see	  Table	  3.38)	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Table	   3.36	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   IFN-­‐γ	  
concentrations	  in	  the	  control	  group.	  
Time	  point	  
	  
Standard	  group	  
Median	  IFN-­‐γ	  (IQR)	  
p	  value	  versus	  preoperative	  
Pre-­‐operative	  
	  
3.67	  (3.01-­‐4.26)	  n=45	   -­‐	  
6	  hours	  
	  
3.67	  (3.18-­‐4.16)	  n=43	   0.937	  
24	  hours	  
	  
3.42	  (2.96-­‐4.13)	  n=45	   0.383	  
48	  hours	  
	  
3.49	  (3.01-­‐3.91)	  n=43	   0.722	  
72	  hours	  
	  
3.67	  (3.03-­‐4.17)	  n=42	   0.925	  
	  
Table	  3.37	  Median	  values	  (pg/ml)	  and	  interquartile	  ranges	  of	  perioperative	  serum	  IFN-­‐γ	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  IFN-­‐γ	  (IQR)	  
p	  value	  versus	  preoperative	  
Pre-­‐operative	  
	  
3.40	  (2.92-­‐3.77)	  n=46	   -­‐	  
6	  hours	  
	  
3.39	  (2.93-­‐3.71)	  n=46	   0.941	  
24	  hours	  
	  
3.20	  (2.65-­‐3.71)	  n=46	   0.521	  
48	  hours	  
	  
3.30	  (2.83-­‐3.88)	  n=44	   0897	  
72	  hours	  
	  
3.41	  (2.95-­‐3.83)	  n=42	   0.664	  
	  
Table	  3.38	  Median	  values	  (pg/ml)	  and	  interquartile	  ranges	  of	  perioperative	  serum	  IFN-­‐γ	  
concentrations 
Time	  point	  
	  
Standard	  group	  
Median	  IFN-­‐γ	  (IQR)	  
ERP	  group	  
Median	  IFN-­‐γ	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
3.67	  (3.01-­‐4.26)	  n=45	   3.40	  (2.92-­‐3.77)	  n=46	   0.128	  
6	  hours	  
	  
3.67	  (3.18-­‐4.16)	  n=43	   3.39	  (2.93-­‐3.71)	  n=46	   0.066	  
24	  hours	  
	  
3.42	  (2.96-­‐4.13)	  n=45	   3.20	  (2.65-­‐3.71)	  n=46	   0.187	  
48	  hours	  
	  
3.49	  (3.01-­‐3.91)	  n=43	   3.30	  (2.83-­‐3.88)	  n=44	   0.159	  
72	  hours	  
	  
3.67	  (3.03-­‐4.17)	  n=42	   3.41	  (2.95-­‐3.83)	  n=42	   0.284	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Table	   3.39	   displays	   the	   summary	   of	   the	   main	   effects	   of	   preoperative	   chemotherapy,	  
histopathology,	  OSS	  and	  preoperative	  IFN-­‐γ	  level	  on	  subsequent	  IFN-­‐γ	  levels	  in	  each	  group. 
	  
Table	  3.39	  Summary	  of	  main	  effects	  of	  factors	  on	  IFN-­‐γ	  concentration.	  	  
Factor	  
	  
IFN-­‐γ	  at	  6	  hours	  
Sig.	  
IFN-­‐γ	  at	  24	  
hours	  
Sig.	  
IFN-­‐γ	  at	  48	  
hours	  
Sig.	  
IFN-­‐γ	  at	  72	  
hours	  
Sig.	  
Group	  
	  
0.491	   0.216	   0.753	   0.652	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
IFN-­‐γ	  
<0.001	   <0.001	   <0.001	   <0.001	  
	  
There	  was	  a	  significant	  correlation	  between	  preoperative	   IFN-­‐γ	  and	  IFN-­‐γ	  concentration	  at	  
subsequent	  time	  points.	  The	  correlation	  coefficients	  are	  displayed	  in	  Table	  3.40.	  	  
Table	  3.40	  Correlation	  coefficients	  for	  log	  preoperative	  IFN-­‐γ	  with	  log	  IFN-­‐γ	  concentrations	  
at	  subsequent	  time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.74	   <0.000001	  
24	  hours	   0.65	   <0.000001	  
48	  hours	   0.68	   <0.000001	  
72	  hours	   0.67	   <0.000001	  
	  
There	  was	  no	  difference	  in	  IFN-­‐γ	  between	  groups	  at	  any	  time	  point.	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3.3.6.1	  	  Summary	  of	  findings	  
IFN-­‐γ	  levels	  did	  not	  change	  significantly	  from	  preoperative	  values	  in	  either	  group	  across	  the	  
perioperative	   period.	   There	  was	   no	   significant	   difference	   in	   IFN-­‐γ	   concentration	   between	  
groups	  at	  any	  time	  point	  measured.	  	  
Preoperative	  chemotherapy,	  histopathological	  diagnosis	  and	  OSS	  did	  not	  have	  a	  significant	  
effect	  on	  IFN-­‐γ	  concentration.	  
There	   was	   a	   positive	   correlation	   between	   the	   preoperative	   IFN-­‐γ	   concentration	   and	   the	  
subsequent	  levels	  for	  all	  time	  points.	  	  	  
	  
3.3.7	   TNF-­‐α	  	  
There	  was	  no	  significant	  difference	  in	  preoperative	  TNF-­‐α	  concentrations	  between	  groups.	  
Neither	   group	   showed	   any	   significant	   change	   in	   TNF-­‐α	   concentration	   from	   their	  
preoperative	  level	  at	  any	  time	  point	  in	  the	  sampling	  period	  (see	  Tables	  3.41	  and	  3.42,	  Figure	  
3.20).	  	  
	  
Comparison	   of	   TNF-­‐α	   concentration	   between	   groups	   showed	   there	   was	   no	   significant	  
difference	  at	  any	  time	  point	  (see	  Table	  3.43)	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Figure	  3.20	  Serum	  TNF-­‐α	  values	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  
ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	  
	  
	  
Table	   3.41	  Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   TNF-­‐α	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  TNF-­‐α	  (IQR)	  
p	  value	  versus	  preoperative	  
Pre-­‐operative	  
	  
1.32	  (1.24-­‐1.68)	  n=45	   -­‐	  
6	  hours	  
	  
1.49	  (1.24-­‐1.75)	  n=43	   0.362	  
24	  hours	  
	  
1.37	  (1.21-­‐1.53)	  n=45	   0.622	  
48	  hours	  
	  
1.41	  (1.24-­‐1.69)	  n=43	   0.658	  
72	  hours	  
	  
1.36	  (1.06-­‐1.56)	  n=42	   0.459	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Table	   3.42	  Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   TNF-­‐α	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  TNF-­‐α	  (IQR)	  
p	  value	  versus	  preoperative	  
Pre-­‐operative	  
	  
1.28	  (1.17-­‐1.50)	  n=46	   -­‐	  
6	  hours	  
	  
1.41	  (1.21-­‐1.69)	  n=46	   0.230	  
24	  hours	  
	  
1.41	  (1.21-­‐1.59)	  n=46	   0.213	  
48	  hours	  
	  
1.38	  (1.21-­‐1.54)	  n=44	   0.358	  
72	  hours	  
	  
1.32	  (1.23-­‐1.49)	  n=42	   0.530	  
	  
Table	   3.43	  Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   TNF-­‐α	  
concentrations	  
Time	  point	  
	  
Standard	  group	  
Median	  TNF-­‐α	  (IQR)	  
ERP	  group	  
Median	  TNF-­‐α	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
1.32	  (1.24-­‐1.68)	  n=45	   1.28	  (1.17-­‐1.50)	  n=46	   0.170	  
6	  hours	  
	  
1.49	  (1.24-­‐1.75)	  n=43	   1.41	  (1.21-­‐1.69)	  n=46	   0.291	  
24	  hours	  
	  
1.37	  (1.21-­‐1.53)	  n=45	   1.41	  (1.21-­‐1.59)	  n=46	   0.886	  
48	  hours	  
	  
1.41	  (1.24-­‐1.69)	  n=43	   1.38	  (1.21-­‐1.54)	  n=44	   0.439	  
72	  hours	  
	  
1.36	  (1.06-­‐1.56)	  n=42	   1.32	  (1.23-­‐1.49)	  n=42	   0.872	  
	  
Table	   3.44	   displays	   the	   summary	   of	   the	   main	   effects	   of	   preoperative	   chemotherapy,	  
histopathology,	   OSS	   and	   preoperative	   TNF-­‐α	   level	   on	   subsequent	   TNF-­‐α	   levels	   in	   each	  
group.	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Table	  3.44	  Summary	  of	  main	  effects	  of	  factors	  on	  TNF-­‐α	  concentration.	  	  
Factor	  
	  
TNF-­‐α	  at	  6	  
hours	  
Sig.	  
TNF-­‐α	  at	  24	  
hours	  
Sig.	  
TNF-­‐α	  at	  48	  
hours	  
Sig.	  
TNF-­‐α	  at	  72	  
hours	  
Sig.	  
Group	  
	  
0.844	   0.108	   0.987	   0.724	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
TNF-­‐α	  
<0.001	   <0.001	   0.002	   <0.001	  
	  
There	  was	  a	  significant	  correlation	  between	  preoperative	  TNF-­‐α	  and	  TNF-­‐α	  at	  all	  subsequent	  
time	   points	   (see	   Table	   3.45).	   There	   was	   no	   difference	   in	   TNF-­‐α	   concentration	   between	  
groups	  at	  any	  time	  point.	  
Table	   3.45	   Correlation	   coefficients	   for	   log	   [preoperative	   TNF-­‐α]	   with	   log	   [TNF-­‐α]	   at	  
subsequent	  time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.57	   <0.000001	  
24	  hours	   0.57	   <0.000001	  
48	  hours	   0.34	   0.0013	  
72	  hours	   0.39	   0.00025	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3.3.7.1	  	  Summary	  of	  findings	  
TNF-­‐α	  levels	  did	  not	  change	  significantly	  from	  preoperative	  values	  in	  either	  group	  across	  the	  
perioperative	  period.	  There	  was	  no	   significant	  difference	   in	  TNF-­‐α	  concentration	  between	  
groups	  at	  any	  time	  point	  measured.	  	  
Preoperative	  chemotherapy,	  histopathological	  diagnosis	  and	  OSS	  did	  not	  have	  a	  significant	  
effect	  on	  TNF-­‐α	  concentration.	  
There	   was	   a	   positive	   correlation	   between	   the	   preoperative	   TNF-­‐α	   concentration	   and	   the	  
subsequent	  levels	  for	  all	  time	  points.	  	  	  
	  
3.3.8	   VEGF	  	  
There	  was	  no	   significant	  difference	   in	  preoperative	  VEGF	  concentrations	  between	  groups.	  
Neither	  group	  showed	  any	  significant	  change	  in	  VEGF	  concentration	  from	  their	  preoperative	  
level	  at	  any	  time	  point	  in	  the	  sampling	  period	  (se	  Tables	  3.46	  and	  3.47,	  Figure	  3.21).	  	  
	  
Comparison	   of	   VEGF	   concentration	   between	   groups	   showed	   there	   was	   no	   significant	  
difference	  at	  any	  time	  point	  (see	  Table	  3.48)	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Figure	  3.21	  Serum	  VEGF	  values	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  
ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	  
	  
Table	   3.46	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   VEGF	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  VEGF	  (IQR)	  
p	  value	  versus	  preoperative	  
Pre-­‐operative	  
	  
10.07	  (5.95-­‐17.51)	  n=45	   -­‐	  
6	  hours	  
	  
11.57	  (6.22-­‐19.53)	  n=44	   0.371	  
24	  hours	  
	  
9.62	  (5.65-­‐15.21)	  n=45	   0.657	  
48	  hours	  
	  
11.03	  (6.07-­‐23.25)	  n=43	   0.576	  
72	  hours	  
	  
12.95	  (6.65-­‐22.79)	  n=42	   0.333	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Table	   3.47	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   VEGF	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  VEGF	  (IQR)	  
p	  value	  versus	  preoperative	  
Pre-­‐operative	  
	  
10.42	  (5.80-­‐20.12)	  n=46	   -­‐	  
6	  hours	  
	  
11.02	  (6.20-­‐16.47)	  n=46	   0.925	  
24	  hours	  
	  
10.44	  (6.25-­‐17.72)	  n=46	   0.975	  
48	  hours	  
	  
13.48	  (7.11-­‐19.74)	  n=44	   0.262	  
72	  hours	  
	  
14.27	  (7.49-­‐20.38)	  n=42	   0.191	  
	  
Table	   3.48	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   VEGF	  
concentrations	  
Time	  point	  
	  
Standard	  group	  
Median	  VEGF	  (IQR)	  
ERP	  group	  
Median	  VEGF	  (IQR)	  
p	  value	  
Pre-­‐operative	  	  
	  
10.07	  (5.95-­‐17.51)	  n=45	   10.42	  (5.80-­‐20.12)	  
n=46	  
0.846	  
6	  hours	  	  
	  
11.57	  (6.22-­‐19.53)	  n=44	   11.02	  (6.20-­‐16.47)	  
n=46	  
0.315	  
24	  hours	  
	  
9.62	  (5.65-­‐15.21)	  n=45	   10.44	  (6.25-­‐17.72)	  
n=46	  
0.648	  
48	  hours	  
	  
11.03	  (6.07-­‐23.25)	  n=43	   13.48	  (7.11-­‐19.74)	  
n=44	  
0.760	  
72	  hours	  
	  
12.95	  (6.65-­‐22.79)	  n=42	   14.27	  (7.49-­‐20.38)	  
n=42	  
0.922	  
	  
Table	   3.49	   displays	   the	   summary	   of	   the	   main	   effects	   of	   preoperative	   chemotherapy,	  
histopathology,	  OSS	  and	  preoperative	  VEGF	  level	  on	  subsequent	  VEGF	  levels	  in	  each	  group.	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Table	  3.49	  Summary	  of	  main	  effects	  of	  factors	  on	  VEGF	  concentration.	  	  
Factor	  
	  
VEGF	  at	  6	  hours	  
Sig.	  
VEGF	  at	  24	  
hours	  
Sig.	  
VEGF	  at	  48	  
hours	  
Sig.	  
VEGF	  at	  72	  
hours	  
Sig.	  
Group	  
	  
0.700	   0.193	   0.221	   0.629	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   0.043	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
0.012	   0.020	   -­‐	   -­‐	  
Preoperative	  
VEGF	  
<0.001	   <0.001	   <0.001	   <0.001	  
	  
The	  linear	  modelling	  indicated	  that	  OSS	  had	  an	  effect	  on	  VEGF	  concentration	  at	  six	  and	  24	  
hours.	  	  Further	  analysis	  of	  the	  data	  revealed	  non-­‐significant	  negative	  correlations	  between	  
OSS	   and	   VEGF	   concentration	   at	   6	   and	   24	   hours,	   with	   correlation	   coefficients	   of	   	   -­‐0.16	  
(p=0.13)	  and	  -­‐0.12	  (p=0.26)	  respectively	  (see	  Figures	  3.22	  and	  3.33).	  
	  
	   	  
Figures	  3.22	  and	  3.23	  Relationship	  between	  OSS	  and	  VEGF	  at	  6	  and	  24	  hours.	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At	   72	   hours,	   preoperative	   chemotherapy	   had	   a	   significant	   effect	   on	   VEGF	   concentration	  
(p=0.043)	   such	   that	   patients	  who	   received	  preoperative	   chemotherapy	   had	   a	   significantly	  
higher	  VEGF	  (see	  Table	  3.50	  ).	  
Table	  3.50	  Effect	  of	  preoperative	  chemotherapy	  on	  VEGF	  response	  
	   Preoperative	  
chemotherapy	  
No	  preoperative	  
chemotherapy	  
Mean	   VEGF	   at	   6	   hours	   (95%	  
confidence	  interval)	  
13.3	  (11.5	  –	  15.4)	   10.1	  (8.1	  –	  12.5)	  
	  
There	  was	  a	  significant	  correlation	  between	  preoperative	  VEGF	  and	  VEGF	  at	  all	  subsequent	  
time	   points	   (see	   Table	   3.51).	   There	   was	   no	   difference	   in	   VEGF	   concentration	   between	  
groups	  at	  any	  time	  point.	  
Table	   3.51	   Correlation	   coefficients	   for	   log	   [preoperative	   VEGF]	   with	   log	   [VEGF]	   at	  
subsequent	  time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.71	   <0.000001	  
24	  hours	   0.67	   <0.000001	  
48	  hours	   0.81	   <0.000001	  
72	  hours	   0.78	   <0.000001	  
	  
3.3.8.1	  	  Summary	  of	  findings	  
VEGF	  levels	  did	  not	  change	  significantly	  from	  preoperative	  values	  in	  either	  group	  across	  the	  
perioperative	   period.	   There	  was	   no	   significant	   difference	   in	   VEGF	   concentration	   between	  
groups	  at	  any	  time	  point	  measured.	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In	  addition	  at	  72	  hours	  subjects	  who	  had	  received	  preoperative	  chemotherapy	  were	  found	  
to	   have	   a	   significantly	   higher	   VEGF	   concentration.	   However,	   this	  was	   only	   just	   significant	  
(p=0.043)	  and	  there	  was	  no	  difference	  found	  at	  any	  other	  time	  point.	  
There	   was	   a	   positive	   correlation	   between	   the	   preoperative	   VEGF	   concentration	   and	   the	  
subsequent	  levels	  for	  all	  time	  points.	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3.4	   Secondary	  outcomes	  –	  biochemistry	  data	  
3.4.1	   C-­‐reactive	  protein	  
Serum	   CRP	   levels	   were	  measured	   preoperatively	   (0	   hours)	   and	   at	   6,	   24,	   48	   and	   72	   hour	  
intervals.	   Initial	   analysis	   of	   the	   data	   revealed	   that	   the	   distributions	   of	   CRP	   for	   each	   time	  
point	  were	  positively	  skewed.	  The	  median	  concentrations	  (mg/l)	  of	  CRP	  for	  each	  time	  point	  
were	   plotted	   for	   both	   groups	   (see	   Figure	   3.24).	   The	   interquartile	   ranges	   are	   displayed	   as	  
error	  bars.	  
	  
	  
Figure	  3.24	  Serum	  CRP	  values	  (mg/l)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  ERP	  
groups.	  	  Median	  values	  and	  interquartile	  ranges.	  
	  
	  
There	   was	   no	   difference	   in	   preoperative	   concentrations	   of	   CRP	   between	   groups.	   In	   the	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control	  group	  CRP	  rose	  significantly	  by	  six	  hours,	   continued	   to	   rise	   through	  24	  hours	  until	  
reaching	  a	  peak	  at	  48	  hours.	   There	  was	  no	   significant	  difference	  between	   the	  48	  and	  72-­‐
hour	  levels	  (see	  Table	  3.52).	   	  The	  pattern	  of	  CRP	  response	  in	  the	  ERP	  group	  was	  similar	  to	  
the	   control	   group,	   rising	   significantly	   by	   six	   hours	   before	   peaking	   at	   48	   hours	   (see	   Table	  
3.53).	  
	  
Table	   3.52	   Median	   values	   (mg/l)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   CRP	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  CRP	  (IQR)	  
p	  vs	  pre-­‐
op	  
p	  vs	  6	  
hours	  
p	  vs	  24	  
hours	  
p	  vs	  48	  
hours	  
p	  vs	  72	  
hours	  
Pre-­‐op	  
	  
0.30	  (0.10-­‐5.18)	  
n=44	  
-­‐	   0.001	   <0.001	   <0.001	   <0.001	  
6	  hours	  
	  
8.86	  (4.33-­‐13.00)	  
n=44	  
0.001	   -­‐	   <0.001	   <0.001	   <0.001	  
24	  hours	  
	  
70.00	  (50.50-­‐
104.75)	  n=44	  
<0.001	   <0.001	   -­‐	   0.001	   0.002	  
48	  hours	  
	  
107.00	  (70.50-­‐
143.00)	  n=44	  
<0.001	   <0.001	   0.001	   -­‐	   0.932	  
72	  hours	  
	  
104.00	  (74.00-­‐
159.00)	  n=43	  
<0.001	   <0.001	   0.002	   0.932	   -­‐	  
	  
Table	   3.53	   Median	   values	   (mg/l)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   CRP	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  CRP	  (IQR)	  
p	  vs	  pre-­‐
op	  
p	  vs	  6	  
hours	  
p	  vs	  24	  
hours	  
p	  vs	  48	  
hours	  
p	  vs	  72	  
hours	  
Pre-­‐op	  
	  
0.10	  (0.10-­‐4.55)	  
n=44	  
-­‐	   0.002	   <0.001	   <0.001	   <0.001	  
6	  hours	  
	  
7.30	  (0.53-­‐13.75)	  
n=44	  
0.002	   -­‐	   <0.001	   <0.001	   <0.001	  
24	  hours	  
	  
69.00	  (50.25-­‐
91.75)	  n=44	  
<0.001	   <0.001	   -­‐	   <0.001	   0.001	  
48	  hours	  
	  
117.50	  (68.75-­‐
161.00)	  n=44	  
<0.001	   <0.001	   <0.001	   -­‐	   0.506	  
72	  hours	  
	  
103.50	  (66.75-­‐
146.00)	  n=42	  
<0.001	   <0.001	   0.001	   0.506	   -­‐	  
	  
	  
	  
	  
145	  
Comparison	   of	   CRP	   levels	   between	   groups	   showed	   no	   significant	   difference	   at	   any	   time	  
point	  (see	  Table	  3.54)	  
	  
Table	   3.54 Median	   values	   (mg/l)	   and	   interquartile	   ranges	   of	   perioperative	   serum	   CRP	  
concentrations	  
Time	  point	  
	  
Standard	  group	  
Median	  CRP	  (IQR)	  
ERP	  group	  
Median	  CRP	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
0.30	  (0.10-­‐5.18)	  n=44	   0.10	  (0.10-­‐4.55)	  n=44	   0.544	  
6	  hours	  
	  
8.86	  (4.33-­‐13.00)	  n=44	   7.30	  (0.53-­‐13.75)	  n=44	   0.324	  
24	  hours	  
	  
70.00	  (50.50-­‐104.75)	  
n=44	  
69.00	  (50.25-­‐91.75)	  
n=44	  
0.463	  
48	  hours	  
	  
107.00	  (70.50-­‐143.00)	  
n=44	  
117.50	  (68.75-­‐161.00)	  
n=44	  
0.777	  
72	  hours	  
	  
104.00	  (74.00-­‐159.00)	  
n=43	  
103.50	  (66.75-­‐146.00)	  
n=42	  
0.755	  
	  
To	   allow	   for	   the	   potential	   effect	   of	   the	   preoperative	   concentration	   of	   CRP	   and	   the	  
differences	  in	  demographic	  data	  between	  the	  groups	  (see	  section	  3.1),	  linear	  modelling	  was	  
used.	  The	  results	  of	  the	  analysis	  are	  displayed	  in	  Table	  3.55.	  	  
Table	  3.55	  Summary	  of	  main	  effects	  of	  factors	  on	  CRP	  concentration.	  	  
Factor	  
	  
CRP	  at	  6	  hours	  
Sig.	  
CRP	  at	  24	  hours	  
Sig.	  
CRP	  at	  48	  hours	  
Sig.	  
CRP	  at	  72	  hours	  
Sig.	  
Group	  
	  
0.721	   0.917	   0.563	   0.630	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
0.022	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
CRP	  
<0.001	   0.007	   0.049	   -­‐	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At	  six-­‐hours	  patients	  with	  a	  benign	  diagnosis	  were	  found	  to	  have	  a	  significantly	  higher	  CRP	  
(mg/l)	  than	  those	  with	  a	  malignant	  diagnosis	  in	  both	  groups	  (p=0.022,	  Table	  3.56).	  
	  
Table	  3.56	  Effect	  of	  preoperative	  chemotherapy	  on	  CRP	  concentrations	  (mg/l)	  
	   Malignant	   Benign	  
Mean	   CRP	   at	   6	   hours	   (95%	  
confidence	  interval)	  
3.0	  (2.1	  –	  4.3)	   13.4	  (4.1	  –	  43.5)	  
	  
There	   was	   a	   significant	   correlation	   between	   preoperative	   CRP	   concentration	   and	   CRP	  
concentration	  at	  six,	  24	  and	  48	  hours.	  The	  correlation	  coefficients	  are	  shown	  in	  Table	  3.57.	  
Table	  3.57	  Correlation	  coefficients	  for	   log	  [preoperative	  CRP]	  with	  log	  [CRP]	  at	  subsequent	  
time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.59	   <0.000001	  
24	  hours	   0.29	   0.0061	  
48	  hours	   0.21	   0.05	  
	  
There	  was	  no	  significant	  difference	  in	  CRP	  concentration	  between	  groups	  at	  any	  time	  point.	  
	  
3.4.1.1	  	  	  Summary	  of	  findings	  
The	   CRP	   response	   followed	   a	   similar	   pattern	   in	   both	   groups.	   There	   was	   a	   small	   but	  
significant	   rise	   in	   CRP	   levels	   from	   preoperative	   to	   six-­‐hour	   values,	   followed	   by	   a	   much	  
greater	   rise	   between	   six	   and	   24	   hours.	   CRP	   levels	   peaked	   at	   48	   hours	   in	   both	   groups,	  
remaining	   elevated	   at	   72	   hours.	   There	   was	   no	   significant	   difference	   in	   serum	   CRP	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concentration	  between	  groups	  at	  any	  time	  point.	  
At	  six	  hours	  CRP	  there	  was	  a	  relationship	  between	  histopathological	  diagnosis	  and	  CRP	  such	  
that	   patients	   who	   were	   found	   to	   have	   a	   benign	   pathology	   had	   a	   higher	   CRP	   (p=0.022).	  
However,	  this	  was	  not	  seen	  at	  any	  other	  time	  point	  and	  the	  result	  may	  well	  have	  arisen	  due	  
to	  a	  combination	  of	  a	  relatively	  small	  number	  of	  subjects	  with	  benign	  tumours	  and	  a	  large	  
positive	  skew	  in	  the	  benign	  group	  created	  by	  one	  outlier.	  
	  
There	   was	   a	   positive	   correlation	   between	   the	   preoperative	   CRP	   concentration	   and	   the	  
subsequent	  levels	  at	  six,	  24	  and	  48	  hours.	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3.4.2	   Cortisol	  	  
There	   was	   no	   difference	   in	   preoperative	   cortisol	   concentration	   between	   groups.	   In	   the	  
control	  group	  serum	  cortisol	  rose	  significantly	  to	  a	  peak	  at	  six	  hours.	  There	  was	  a	  significant	  
decrease	  between	  six	  and	  24	  hours	  and	  a	   further	  significant	  decrease	  between	  24	  and	  48	  
hours	  although	  serum	  cortisol	  did	  not	  return	  to	  preoperative	  levels	  until	  72	  hours	  (see	  Table	  
3.58,	  Figure	  3.25).	  
	  
Figure	  3.25	   Serum	  cortisol	   values	   (nmol/l)	   as	   a	   function	  of	   postoperative	   time	   for	   control	  
and	  ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	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Table	  3.58	  Median	  values	  (nmol/l)	  and	  interquartile	  ranges	  of	  perioperative	  serum	  cortisol	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  serum	  
cortisol	  (IQR)	  
p	  vs	  pre-­‐
op	  
p	  vs	  6	  
hours	  
p	  vs	  24	  
hours	  
p	  vs	  48	  
hours	  
p	  vs	  72	  
hours	  
Pre-­‐op	  
	  
355.5	  (226.3-­‐
474.5)	  n=44	  
-­‐	   <0.001	   <0.001	   <0.001	   0.323	  
6	  hours	  
	  
832.5	  (578.3-­‐
1051.8)	  n=44	  
<0.001	   -­‐	   <0.001	   <0.001	   <0.001	  
24	  hours	  
	  
509.5	  (390.3-­‐
648.5)	  n=44	  
<0.001	   <0.001	   -­‐	   0.041	   0.015	  
48	  hours	  
	  
415.0	  (307.3-­‐
588.0)	  n=44	  
<0.001	   <0.001	   0.041	   -­‐	   0.587	  
72	  hours	  
	  
401.0	  (219.0-­‐
545.0)	  n=43	  
0.323	   <0.001	   0.015	   0.587	   -­‐	  
	  
In	   the	   ERP	   group	   the	   pattern	   of	   cortisol	   response	  was	   similar	   to	   that	   seen	   in	   the	   control	  
group.	   	   There	  was	   an	   initial	   rise	  with	   levels	   peaking	   at	   six	   hours	   followed	  by	   a	   significant	  
decrease	  between	   six	   and	  24	  hours.	   There	  was	  no	   significant	  difference	   in	   serum	  cortisol	  
concentration	   between	   24	   and	   48	   hours	   but,	   as	   in	   the	   control	   group,	   by	   72	   hours	   serum	  
cortisol	  had	  returned	  to	  preoperative	  levels	  (see	  table	  3.59)	  
	  
Table	  3.59	  Median	  values	  (nmol/l)	  and	  interquartile	  ranges	  of	  perioperative	  serum	  cortisol	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  serum	  
cortisol	  (IQR)	  
p	  vs	  pre-­‐
op	  
p	  vs	  6	  
hours	  
p	  vs	  24	  
hours	  
p	  vs	  48	  
hours	  
p	  vs	  72	  
hours	  
Pre-­‐op	  
	  
377.0	  (244.0-­‐
456.8)	  n=44	  
-­‐	   0.001	   <0.001	   0.028	   0.429	  
6	  hours	  
	  
613.5	  (448.5-­‐
877.8)	  n=44	  
<0.001	   -­‐	   0.010	   0.003	   <0.001	  
24	  hours	  
	  
483.0	  (370.0-­‐
647.5)	  n=44	  
<0.001	   0.010	   -­‐	   0.376	   0.014	  
48	  hours	  
	  
451.5	  (287.0-­‐
617.0)	  n=44	  
0.028	   0.003	   0.376	   -­‐	   0.174	  
72	  hours	  
	  
346.5	  (238.0-­‐
558.8)	  n=42	  
0.429	   <0.001	   0.014	   0.174	   -­‐	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Comparison	   of	   serum	   cortisol	   concentrations	   between	   groups	   showed	   that	   the	   peak	  
concentration	  at	  six	  hours	  was	  significantly	  higher	  in	  the	  control	  group	  (p=0.009).	  There	  was	  
no	  difference	  in	  cortisol	  concentration	  between	  groups	  at	  any	  of	  the	  subsequent	  time	  points	  
(see	  Table	  3.60)	  
Table	  3.60	  Median	  values	  (nmol/l)	  and	  interquartile	  ranges	  of	  perioperative	  serum	  cortisol	  
concentrations	  
Time	  point	  
	  
Standard	  group	  
Median	  serum	  cortisol	  
(IQR)	  
ERP	  group	  
Median	  serum	  cortisol	  
(IQR)	  
p	  value	  
Pre-­‐operative	  
	  
355.5	  (226.3-­‐474.5)	  
n=44	  
377.0	  (244.0-­‐456.8)	  
n=44	  
0.881	  
6	  hours	  
	  
832.5	  (578.3-­‐1051.8)	  
n=44	  
613.5	  (448.5-­‐877.8)	  
n=44	  
0.009	  
24	  hours	  
	  
509.5	  (390.3-­‐648.5)	  
n=44	  
483.0	  (370.0-­‐647.5)	  
n=44	  
0.573	  
48	  hours	  
	  
415.0	  (307.3-­‐588.0)	  
n=44	  
451.5	  (287.0-­‐617.0)	  
n=44	  
0.683	  
72	  hours	  
	  
401.0	  (219.0-­‐545.0)	  
n=43	  
346.5	  (238.0-­‐558.8)	  
n=42	  
0.916	  
	  
Table	  3.61	  displays	  the	  summary	  of	  the	  main	  effects	  of	  factors	  used	  in	  the	  linear	  modelling	  
analysis	  for	  perioperative	  cortisol	  concentrations.	  
Table	  3.61	  Summary	  of	  main	  effects	  of	  factors	  on	  plasma	  cortisol.	  	  
Factor	  
	  
Cortisol	  at	  6	  
hours	  
Sig.	  
Cortisol	  at	  24	  
hours	  
Sig.	  
Cortisol	  at	  48	  
hours	  
Sig.	  
Cortisol	  at	  72	  
hours	  
Sig.	  
Group	  
	  
0.001	   0.530	   0.844	   0.851	  
Preoperative	  
chemotherapy	  
0.002	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
<0.001	   -­‐	   -­‐	   -­‐	  
Preoperative	  
Cortisol	  
-­‐	   0.004	   -­‐	   -­‐	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At	  six	  hours	  subjects	  in	  the	  control	  group	  had	  significantly	  higher	  cortisol	  concentration	  than	  
those	  in	  the	  treatment	  group	  (p=0.001;	  see	  Table	  3.62)	  
Table	  3.62	  Cortisol	  concentrations	  at	  six	  hours	  postoperatively	  across	  groups.	  
	   Standard	  group	   Enhanced	  group	  
Mean	  cortisol	  at	  6	  hours	  (95%	  
confidence	  interval)	  
843.3	  (746.4	  –	  955.0)	   620.9	  (545.8	  –	  707.9)	  
	  
In	  addition	  subjects	  who	  had	  received	  preoperative	  chemotherapy	  had	  a	  significantly	  lower	  
cortisol	  concentration	  than	  those	  who	  had	  not	  (p=0.002;	  see	  Table	  3.63)	  
Table	  3.63	  Effect	  of	  preoperative	  chemotherapy	  on	  cortisol	  response	  
	   Preoperative	  
chemotherapy	  
No	  preoperative	  
chemotherapy	  
Mean	  cortisol	  at	  6	  hours	  (95%	  
confidence	  interval)	  
615.2	  (553.4	  –	  685.5)	   851.1	  (726.1	  -­‐	  1000)	  
	  
There	  was	  a	  positive	   correlation	  between	  OSS	  and	  cortisol	   concentration	  at	   six	  hours	   (r	  =	  
0.22,	  p	  =0.036),	  which	  was	  not	  present	  at	  any	  of	  the	  subsequent	  time	  points.	  	  
At	   24-­‐hours	   there	   was	   a	   positive	   correlation	   between	   cortisol	   concentration	   and	   the	  
preoperative	  measurement	  (r	  =	  0.31,	  p	  =0.0033),	  which	  was	  not	  present	  at	  any	  other	  time	  
point.	  	  
	  
	  
	  
	  
	  
152	  
3.4.2.1	  	  Summary	  of	  findings	  
The	  pattern	  of	  cortisol	  response	  was	  similar	  in	  both	  groups.	  Cortisol	  levels	  rose	  significantly	  
from	  preoperative	  values	  to	  peak	  at	  six	  hours.	  Cortisol	  levels	  then	  decreased	  significantly	  in	  
both	   groups	   between	   six	   and	   72	   hours	   by	   which	   point	   they	   were	   no	   longer	   significantly	  
higher	   than	   preoperative	   values.	   The	   peak	   plasma	   cortisol	   response	   at	   six	   hours	   was	  
significantly	   higher	   in	   the	   control	   group	   (p=0.009).	   There	  was	   no	   significant	   difference	   in	  
cortisol	  levels	  between	  groups	  at	  24,	  48	  and	  72	  hours.	  
At	  six	  hours,	  subjects	  who	  had	  received	  preoperative	  chemotherapy	  were	  found	  to	  have	  a	  
significantly	   lower	  plasma	   cortisol	   than	   those	  who	  had	  not	   (p=0.002).	   This	   effect	  was	  not	  
seen	  at	  subsequent	  time	  points.	  
Also	   at	   six	   hours,	   there	   was	   a	   positive	   correlation	   between	   OSS	   and	   plasma	   cortisol	  
(p<0.001).	  
Preoperative	  cortisol	  concentration	  was	  only	  significantly	  related	  at	  to	  cortisol	   levels	  at	  24	  
hours.	  	  
	  
3.4.3	   Insulin	  
The	   preoperative	   insulin	   concentration	   was	   significantly	   higher	   in	   the	   ERP	   group.	   In	   the	  
control	   group	   insulin	   concentration	   rose	   significantly	   by	   six	   hours,	   continuing	   to	   rise	   until	  
reaching	  a	  peak	  at	  24	  hours.	   Insulin	   levels	  exhibited	  a	  plateau	  phase	  from	  24	  to	  72	  hours,	  
with	  no	  significant	  difference	  in	  insulin	  concentrations	  between	  these	  time-­‐points	  (see	  Table	  
3.64)	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Figure	  3.26	  Serum	  insulin	  values	  (pmol/l)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  
ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	  
	  
Table	  3.64	  Median	  values	   (pmol/l)	   and	   interquartile	   ranges	  of	  perioperative	   serum	   insulin	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  insulin	  (IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
24.0	  (12.3-­‐39.0)	  
n=44	  
-­‐	   <0.001	  
6	  hours	  
	  
54.5	  (20.5-­‐95.3)	  
n=44	  
<0.001	   -­‐	  
24	  hours	  
	  
112.5	  (66.8-­‐209.5)	  
n=44	  
<0.001	   <0.001	  
48	  hours	  
	  
167.0	  (86.3-­‐267.5)	  
n=44	  
<0.001	   <0.001	  
72	  hours	  
	  
131.0	  (61.0-­‐224.0)	  
n=43	  
<0.001	   <0.001	  
	  
The	   pattern	   of	   insulin	   response	   in	   the	   ERP	   group	  was	   identical	   to	   the	   control	   group	  with	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insulin	  concentration	  rising	  significantly	  by	  six	  hours,	  peaking	  at	  24	  hours	  before	  reaching	  a	  
plateau,	  with	  no	  significant	  change	  from	  24	  to	  72	  hours	  (see	  Table	  3.65)	  
Table	  3.65	  Median	  values	   (pmol/l)	   and	   interquartile	   ranges	  of	  perioperative	   serum	   insulin	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  insulin	  (IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
39.5	  (24.5-­‐72.3)	  
n=44	  
-­‐	   <0.001	  
6	  hours	  
	  
156.0	  (62.8-­‐274.3)	  
n=44	  
<0.001	   -­‐	  
24	  hours	  
	  
428.0	  (194.3-­‐810.0)	  
n=44	  
<0.001	   <0.001	  
48	  hours	  
	  
387.5	  (145.0-­‐549.8)	  
n=44	  
<0.001	   <0.001	  
72	  hours	  
	  
277.5	  (122.0-­‐498.5)	  
n=43	  
<0.001	   <0.001	  
	  
Comparison	  between	  groups	  showed	  that	  insulin	  concentrations	  was	  significantly	  higher	  in	  
the	  ERP	  group	  at	  all	  perioperative	  time	  points	  (see	  Table	  3.66)	  
	  
Table	  3.66	  Median	  values	   (pmol/l)	   and	   interquartile	   ranges	  of	  perioperative	   serum	   insulin	  
concentrations	  
Time	  point	  
	  
Standard	  group	  
Median	  insulin	  (IQR)	  
ERP	  group	  
Median	  insulin	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
24.0	  (12.3-­‐39.0)	  n=44	   39.5	  (24.5-­‐72.3)	  n=44	   0.001	  
6	  hours	  
	  
54.5	  (20.5-­‐95.3)	  n=44	   156.0	  (62.8-­‐274.3)	  n=44	   <0.001	  
24	  hours	  
	  
112.5	  (66.8-­‐209.5)	  n=44	   428.0	  (194.3-­‐810.0)	  
n=44	  
<0.001	  
48	  hours	  
	  
167.0	  (86.3-­‐267.5)	  n=44	   387.5	  (145.0-­‐549.8)	  
n=44	  
<0.001	  
72	  hours	  
	  
131.0	  (61.0-­‐224.0)	  n=43	   277.5	  (122.0-­‐498.5)	  
n=43	  
0.004	  
 
As	   with	   other	   variables,	   to	   allow	   for	   the	   potential	   impact	   of	   differences	   between	   group	  
demographics	  a	  linear	  modeling	  analysis	  was	  conducted.	  In	  addition	  to	  the	  factors	  used	  for	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other	  variables	  (preoperative	  chemotherapy,	  histopathology,	  OSS	  and	  preoperative	  levels)	  it	  
was	  noted	   that	   six	  patients	   in	   the	   treatment	  group	  and	   two	  patients	   in	   the	  control	  group	  
received	  exogenous	   insulin	   infusions	  perioperatively	   (five	  of	   these	  patients	  were	  diabetic).	  	  
The	   use	   (or	   not)	   of	   insulin	   infusions	   and	   the	   presence	   (or	   absence)	   of	   diabetes	   were	  
therefore	   included	   as	   factors	   in	   the	   linear	  modeling	   analysis	   for	   the	   perioperative	   insulin	  
response.	  The	  results	  of	  the	  linear	  modeling	  are	  displayed	  in	  Table	  3.67.	  
	  
Table	  3.67	  Summary	  of	  main	  effects	  of	  factors	  on	  insulin.	  	  
Factor	  
	  
Insulin	  at	  6	  
hours	  
Sig.	  
Insulin	  at	  24	  
hours	  
Sig.	  
Insulin	  at	  48	  
hours	  
Sig.	  
Insulin	  at	  72	  
hours	  
Sig.	  
Group	  
	  
0.005	   0.024	   0.003	   0.376	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
-­‐	   <0.001	   -­‐	   0.028	  
Diabetes	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Insulin	  infusion	  
	  
0.011	   -­‐	   -­‐	   -­‐	  
Preoperative	  
Insulin	  
<0.001	   <0.001	   0.001	   <0.001	  
	  
There	  was	  a	  positive	  correlation	  between	  preoperative	  insulin	  concentration	  and	  the	  insulin	  
concentration	   at	   all	   subsequent	   time	   points.	   The	   correlation	   coefficients	   are	   displayed	   in	  
Table	  3.68.	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Table	   3.68	   Correlation	   coefficients	   for	   log	   [preoperative	   insulin]	   with	   log	   [insulin]	   at	  
subsequent	  time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.63	   <0.000001	  
24	  hours	   0.39	   0.00017	  
48	  hours	   0.44	   0.000018	  
72	  hours	   0.49	   0.000002	  
	  
At	   24	   and	   72	   hours	   there	   was	   a	   significant	   positive	   correlation	   between	   insulin	  
concentration	  and	  OSS	  with	  the	  correlation	  coefficients	  0.39	  (p=0.00017)	  and	  0.26	  (p=0.015)	  
respectively	  (see	  Figures	  3.27	  and	  3.28).	  
	  
	   	  
Figures	  3.27	  and	  3.28	  Relationship	  between	  OSS	  and	  insulin	  at	  24	  and	  72	  hours	  
	  
At	  6	  hours	   subjects	  who	  had	   received	  an	   insulin	   infusion	  had	  a	   significantly	  higher	   insulin	  
concentration	  than	  those	  who	  had	  not	  (p=0.011).	  However	  this	  difference	  was	  not	  seen	  at	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any	  of	  the	  subsequent	  time	  points	  (see	  Tables	  3.67	  and	  3.69)	  
	  
Table	  3.69	  Effect	  of	  an	  insulin	  infusion	  on	  insulin	  concentration	  at	  six	  hours	  
	   Insulin	  infusion	   No	  insulin	  infusion	  
Mean	   insulin	  at	  6	  hours	   (95%	  
confidence	  interval)	  
179.1	  (97.7	  –	  328.9)	   78.2	  (64.9	  –	  94.2)	  
	  
At	   six,	   24	   and	   48	   hours	   subjects	   in	   the	   treatment	   group	   had	   a	   significantly	   higher	   insulin	  
concentration	  than	  those	  in	  the	  control	  group	  (see	  table	  3.70).	  
	  
Table	  3.70	  Insulin	  concentrations	  at	  six,	  24	  and	  48	  hours	  postoperatively	  across	  groups.	  
	   Standard	  group	   Enhanced	  group	  
Mean	   insulin	  at	  6	  hours	   (95%	  
confidence	  interval)	  
89.3	  (61.1	  -­‐	  130.6)	   157.0	  (109.6	  –	  224.4)	  
Mean	   insulin	   at	   24	   hours	  
(95%	  confidence	  interval)	  
158.5	  (119.7	  –	  209.9)	   257.6	  (194.5	  –	  340.4)	  
Mean	   insulin	   at	   48	   hours	  
(95%	  confidence	  interval)	  
152.7	  (117.8	  –	  197.7)	   272.9	  (210.4	  –	  353.2)	  
	  
3.4.3.1	  	  Summary	  of	  findings	  
The	  pattern	  of	  the	  insulin	  response	  was	  similar	  in	  both	  groups.	  There	  was	  a	  significant	  rise	  in	  
insulin	   levels	   from	   preoperative	   values	   to	   six	   hours.	   Insulin	   levels	   rose	   significantly	   again	  
between	   six	   and	   24	   hours	   after	   which	   time	   they	   reached	   a	   plateau	   until	   the	   end	   of	   the	  
sampling	  period.	  However,	   the	  magnitude	  of	   the	   response	  was	  significantly	  greater	   in	   the	  
ERP	   group	   with	   plasma	   insulin	   concentration	   being	   significantly	   higher	   at	   all	   time	   points	  
sampled;	   preoperative,	   six,	   24	   and	   48	   and	   72	   hours	   (p=0.001,	   p<0.001,	   p<0.001,	   p<0.001	  
and	  p=0.004	  respectively).	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At	   24	   and	   72	   hours	   there	  was	   a	   significant	   positive	   correlation	   between	  OSS	   and	   plasma	  
insulin	  in	  both	  groups	  (p<0.001	  and	  p=0.028),	  but	  was	  absent	  at	  six	  or	  at	  48	  hours.	  
	  
At	   six	   hours	   subjects	   who	   received	   exogenous	   insulin	   infusions	   had	   significantly	   higher	  
plasma	  insulin	  levels	  than	  those	  who	  had	  not	  (p=0.011).	  This	  effect	  was	  not	  seen	  at	  any	  of	  
the	  subsequent	  time	  points.	  	  However,	  only	  eight	  patients	  received	  insulin	  infusions	  and	  the	  
majority	  of	  these	  infusions	  were	  discontinued	  before	  24	  hours	  postoperatively.	  
	  
There	  was	   a	   positive	   correlation	   between	   the	   preoperative	   insulin	   concentration	   and	   the	  
subsequent	  levels	  for	  all	  time	  points.	  	  	  
	  
3.4.4	   Glucose	  
There	  was	  no	  significant	  difference	  in	  preoperative	  glucose	  concentrations	  between	  groups.	  
In	  the	  control	  group	  glucose	  level	  rose	  significantly	  by	  six	  hours	  and	  remained	  elevated	  for	  
the	   rest	  of	   the	  sampling	  period.	  There	  was	  no	  significant	  change	   in	  glucose	  concentration	  
between	  six	  and	  72	  hours	  (see	  Figure	  3.29	  and	  Table	  3.71).	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Figure	  3.29	  Plasma	  glucose	  values	  (mmol/l)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  
and	  ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges.	  
	  
Table	  3.71	  Median	  values	  (mmol/l)	  and	  interquartile	  ranges	  of	  perioperative	  plasma	  glucose	  
concentrations	  in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  glucose	  (IQR)	  
p	  vs	  pre-­‐op	  
Pre-­‐op	  
	  
5.6	  (5.1-­‐5.9)	  n=44	   -­‐	  
6	  hours	  
	  
6.7	  (5.9-­‐7.8)	  n=44	   <0.001	  
24	  hours	  
	  
6.6	  (5.6-­‐7.7)	  n=44	   <0.001	  
48	  hours	  
	  
6.7	  (6.2-­‐7.6)	  n=44	   <0.001	  
72	  hours	  
	  
6.8	  (5.5-­‐8.2)	  n=42	   <0.001	  
	  
In	  the	  ERP	  group	  the	  pattern	  of	  glucose	  response	  was	  identical	  to	  that	  in	  the	  control	  group	  
(see	  Table	  3.72)	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Table	  3.72	  Median	  values	  (mmol/l)	  and	  interquartile	  ranges	  of	  perioperative	  plasma	  glucose	  
concentrations	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  glucose	  (IQR)	  
p	  vs	  pre-­‐op	  
Pre-­‐op	  
	  
5.4	  (4.8-­‐5.9)	  n=44	   -­‐	  
6	  hours	  
	  
8.0	  (7.1-­‐9.9)	  n=44	   <0.001	  
24	  hours	  
	  
7.8	  (6.8-­‐9.4)	  n=44	   <0.001	  
48	  hours	  
	  
7.6	  (6.7-­‐9.2)	  n=44	   <0.001	  
72	  hours	  
	  
7.4	  (6.6-­‐8.3)	  n=42	   <0.001	  
	  
Comparison	  of	  glucose	  concentrations	  between	  groups	  showed	  that	  they	  were	  significantly	  
higher	   in	   the	   ERP	   group	   at	   six,	   24	   and	   48	   hours,	   although	   by	   72	   hours	   there	   was	   no	  
significant	  difference	  between	  groups	  (see	  Table	  3.73)	  
	  
Table	  3.73	  Median	  values	  (mmol/l)	  and	  interquartile	  ranges	  of	  perioperative	  plasma	  glucose	  
concentrations	  
Time	  point	  
	  
Standard	  group	  
Median	  glucose	  (IQR)	  
ERP	  group	  
Median	  glucose	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
5.6	  (5.1-­‐5.9)	  n=44	   5.4	  (4.8-­‐5.9)	  n=44	   0.087	  
6	  hours	  
	  
6.7	  (5.9-­‐7.8)	  n=44	   8.0	  (7.1-­‐9.9)	  n=44	   <0.001	  
24	  hours	  
	  
6.6	  (5.6-­‐7.7)	  n=44	   7.8	  (6.8-­‐9.4)	  n=44	   <0.001	  
48	  hours	  
	  
6.7	  (6.2-­‐7.6)	  n=44	   7.6	  (6.7-­‐9.2)	  n=44	   0.005	  
72	  hours	  
	  
6.8	  (5.5-­‐8.2)	  n=42	   7.4	  (6.6-­‐8.3)	  n=42	   0.242	  
	  
Table	   3.74	   displays	   the	   results	   of	   the	   linear	   modelling	   analysis	   for	   perioperative	   glucose	  
levels.	   Factors	   used	   in	   the	   analysis	   were	   the	   same	   as	   those	   used	   in	   the	   analysis	   of	  
perioperative	  insulin	  levels	  (see	  section	  3.4.3)	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Table	  3.74	  Summary	  of	  main	  effects	  of	  factors	  on	  glucose.	  	  
Factor	  
	  
Glucose	  at	  6	  
hours	  
Sig.	  
Glucose	  at	  24	  
hours	  
Sig.	  
Glucose	  at	  48	  
hours	  
Sig.	  
Glucose	  at	  72	  
hours	  
Sig.	  
Group	  
	  
<0.001	   <0.001	   0.014	   0.364	  
Preoperative	  
chemotherapy	  
	   	  -­‐	   -­‐	   -­‐	   -­‐	  
Histopathology	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Operative	  
severity	  score	  
-­‐	   -­‐	   -­‐	   -­‐	  
Diabetes	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Insulin	  infusion	  
	  
0.032	   -­‐	   0.030	   -­‐	  
Preoperative	  
Insulin	  
<0.001	   <0.001	   0.002	   0.002	  
	  
There	   was	   a	   positive	   correlation	   between	   preoperative	   glucose	   concentration	   and	   the	  
glucose	   concentration	   at	   all	   subsequent	   time	   points.	   The	   correlation	   coefficients	   are	  
displayed	  in	  Table	  3.75.	  
	  
Table	   3.75	   Correlation	   coefficients	   for	   log	   [preoperative	   glucose]	   with	   log	   [glucose]	   at	  
subsequent	  time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.26	   0.014	  
24	  hours	   0.36	   0.00057	  
48	  hours	   0.28	   0.0082	  
72	  hours	   0.50	   0.000001	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At	  six	  and	  48	  hours	  subjects	  who	  had	  received	  an	  insulin	  infusion	  had	  a	  significantly	  higher	  
glucose	  than	  those	  who	  had	  not	  (see	  Table	  3.76)	  
	  
Table	  3.76	  Effect	  of	  an	  insulin	  infusion	  on	  glucose	  concentration	  at	  6	  and	  48	  hours	  
	   Insulin	  infusion	   No	  insulin	  infusion	  
Mean	  glucose	  at	  6	  hours	  (95%	  
confidence	  interval)	  
8.7	  (7.6	  –	  9.9)	   7.5	  (7.2	  –	  7.8)	  
Mean	   glucose	   at	   48	   hours	  
(95%	  confidence	  interval)	  
8.9	  (7.5	  –	  10.6)	   7.3	  (6.9	  –	  7.7)	  
	  
At	   six,	   24	   and	   48	   hours	   subjects	   in	   the	   control	   group	   had	   a	   significantly	   lower	   glucose	  
concentration	  than	  those	  in	  the	  treatment	  group	  (see	  Table	  3.77).	  
	  
Table	  3.77	  Glucose	  concentrations	  at	  6,	  24	  and	  48	  hours	  postoperatively	  across	  groups.	  
	   Standard	  group	   Enhanced	  group	  
Mean	  glucose	  at	  6	  hours	  (95%	  
confidence	  interval)	  
7.2	  (6.6	  –	  7.8)	   9.1	  (8.4	  –	  9.8)	  
Mean	   glucose	   at	   24	   hours	  
(95%	  confidence	  interval)	  
6.6	  (6.3	  –	  7.1)	   8.2	  (7.8	  –	  8.7)	  
Mean	   glucose	   at	   48	   hours	  
(95%	  confidence	  interval)	  
8.0	  (6.0	  –	  10.7)	   9.4	  (7.5	  –	  11.8)	  
	  
3.4.4.1	  	  Summary	  of	  findings	  
The	  pattern	  of	  plasma	  glucose	  response	  was	  similar	  in	  both	  groups.	  There	  was	  a	  significant	  
rise	   from	   preoperative	   levels	   to	   those	   at	   six	   hours	   followed	   by	   a	   plateau	   phase	   for	   the	  
remainder	  of	  the	  sampling	  period.	  However	  the	  magnitude	  of	  the	  response	  was	  greater	   in	  
the	  ERP	  group	  and	  plasma	  glucose	  concentration	  was	  significantly	  higher	   in	  the	  treatment	  
group	  at	  6,	  24	  and	  48	  hours	  (p<0.001,	  p<0.001,	  p=0.005	  respectively).	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At	  six	  hours	  and	  48	  hours	  subjects	  who	  had	  received	   insulin	   infusions	  were	  found	  to	  have	  
significantly	   higher	   plasma	   glucose	   than	   those	   who	   had	   not	   (p=0.032	   and	   p=0.030	  
respectively).	  However	   the	  actual	  difference	   in	  plasma	  glucose	  was	   small	  –	  approximately	  
1.5	  mmol/l	  at	  both	  time	  points,	  and	  the	  values	  in	  the	  insulin	  infusion	  group	  were	  still	  within	  
the	  normal	  clinical	  range.	  Combined	  with	  the	  relatively	  low	  p	  values	  for	  these	  findings	  it	  not	  
seem	  likely	  that	  this	  represents	  anything	  of	  clinical	  significance.	  
There	  was	  a	  positive	  correlation	  between	   the	  preoperative	  glucose	  concentration	  and	   the	  
subsequent	  levels	  for	  all	  time	  points.	  	  	  
	  
3.5	   Immunological	  data	  
Twenty-­‐four	  patients	   in	  each	  group	  had	  blood	  samples	  analysed	  for	  T-­‐cell	  phenotypes	  and	  
HLA-­‐DR	  expression.	  Samples	  were	  taken	  preoperatively	  and	  at	  six,	  24,	  48	  and	  72	  hours.	  All	  
data	  were	  tested	  for	  normality.	  Where	  data	  were	  normally	  distributed,	  means	  and	  standard	  
deviations	  were	  tested	  using	  an	  independent	  samples	  t-­‐test.	  Where	  data	  were	  not	  normally	  
distributed	  medians	  and	  interquartile	  ranges	  were	  compared	  using	  a	  Mann-­‐Whitney	  U-­‐test.	  	  
3.5.1	   Immunological	  demographic	  data	  
Table	  3.78	  shows	  the	  results	  for	  the	  comparison	  of	  demographic	  data	  between	  groups	  for	  all	  
subjects	   that	   underwent	   immunological	   analysis.	   Significant	   differences	   between	   groups	  
were	   found	   in	  age,	  operative	  severity	  score,	  preoperative	  chemotherapy,	  size	  of	   resection	  
and	  weight	  of	  specimen.	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Table	  3.78	  Patient	  demographics.	  
	   Standard	  group	   Enhanced	  group	   p-­‐value	  
Number	  (n)	  
	  
24	   24	   	  
Mean	  (SD)	  age	  (years)	   67.4±12.2	   59.3±10.5	   0.037	  
Gender	  M:F	  
	  
14:10	   15:9	   0.768	  
Mean	  (SD)	  BMI	  
	  
26.3±4.8	   27.0±4.1	   0.622	  
Mean	  (SD)	  P-­‐POSSUM	  physiology	  
score	  
17.1±3.8	   16.3±3.2	   0.467	  
Mean	  (SD)	  P-­‐POSSUM	  operative	  
severity	  score	  
16.8±4.5	   20.0±4.0	   0.013	  
Mean	  (SD)	  P-­‐POSSUM	  morbidity	  
(%)	  
49.6±30.0	   59.4±20.8	   0.112	  
Mean	  (SD)	  P-­‐POSSUM	  mortality	  
(%)	  
4.3±6.3	   5.4±5.6	   0.289	  
ASA	  I	  
	  
0	   0	   	  
ASA	  II	  
	  
22	   24	   0.149	  
ASA	  III	  
	  
2	   0	   	  
Preoperative	  chemotherapy	  	   13	   21	   0.011	  
PVE	  
	  
2	   2	   1.000	  
Mean	  (SD)	  duration	  of	  procedure	  
(min)	  
259.6±81.1	   273.7±62.4	   0.451	  
Size	  of	  resection	  major:minor	   5:19	   12:12	   0.035	  
Mean	  (SD)	  weight	  of	  specimen	  (g)	   443.9±392.7	   692.3±430.1	   0.042	  
Use	  of	  intraoperative	  Pringle	  
manoeuvre	  
5	   6	   0.731	  
Median	  (IQR)	  blood	  loss	  (ml)	   341	  (162.5	  –	  575)	   530	  (150	  –	  1062.5)	   0.375	  
Received	  transfusion	  
	  
1	   4	   0.156	  
Peritoneal	  drain	  inserted	   20	   21	   0.683	  
Metastatic	  colorectal	  
	  
20	   23	   	  
Benign	  
	  
4	   1	   0.156	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In	  the	  light	  of	  these	  findings,	  analysis	  of	  immunological	  variables	  was	  conducted	  with	  linear	  
modelling	  and	  the	  same	  methodology	  as	  for	  the	  analysis	  of	  cytokine	  data.	  The	  linear	  models	  
were	   constructed	   using	   factors	   preoperative	   chemotherapy	   and	   size	   of	   resection,	   and	  
covariates	  age,	  OSS,	  weight	  of	  specimen	  and	  preoperative	  value	  of	  the	  variable	  concerned.	  
3.5.2	   White	  cell	  counts	  (WCC)	  
There	  was	  no	  difference	   in	  preoperative	  white	  cell	   counts	  between	  groups.	   In	   the	  control	  
group	  white	  cell	   count	   rose	   significantly	  between	   the	  preoperative	   sample	  and	   that	  at	   six	  
hours.	  There	  was	  no	  difference	   in	  white	  cell	  count	  between	  six	  and	  48	  hours.	  By	  72	  hours	  
white	  cell	  count	  had	  decreased	  significantly	  but	  was	  still	  greater	  than	  the	  preoperative	  level	  
(see	  Figure	  3.30	  and	  Table	  3.79).	  
	  
Figure	  3.30	  White	  cell	  count	  (109/l)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  ERP	  
groups.	  	  Median	  values	  and	  interquartile	  ranges.	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Table	  3.79	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  white	  cell	  counts	  
in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  WCC	  
(IQR)	  
p	  vs	  pre-­‐
op	  
p	  vs	  6	  
hours	  
p	  vs	  24	  
hours	  
p	  vs	  48	  
hours	  
p	  vs	  72	  
hours	  
Pre-­‐op	  
	  
5.99	  (4.45-­‐7.30)	  
n=24	  
-­‐	   <0.001	   <0.001	   <0.001	   0.001	  
6	  hours	  
	  
9.48	  (8.15-­‐11.74)	  
n=24	  
<0.001	   -­‐	   0.650	   0.885	   <0.001	  
24	  hours	  
	  
10.37	  (8.21-­‐11.87)	  
n=24	  
<0.001	   0.650	   -­‐	   	   0.984	   0.013	  
48	  hours	  
	  
9.55	  (8.22-­‐12.16)	  
n=24	  
<0.001	   0.885	   0.984	   -­‐	   0.042	  
72	  hours	  
	  
8.11	  (7.36-­‐9.90)	  
n=23	  
0.001	   0.042	   0.013	   0.042	   -­‐	  
	  
In	   the	  ERP	  group	  white	   cell	   count	  also	   rose	   significantly	  by	   six	  hours	  but	  was	   significantly	  
higher	  at	  48	  hours	  compared	  with	  the	  six-­‐hour	  value.	  By	  72	  hours	  white	  cell	  count	  had	  fallen	  
significantly	  although	  it	  remained	  higher	  than	  the	  preoperative	  value	  (see	  table	  3.80)	  
Table	  3.80	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  white	  cell	  counts	  
in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  WCC	  
(IQR)	  
p	  vs	  pre-­‐
op	  
p	  vs	  6	  
hours	  
p	  vs	  24	  
hours	  
p	  vs	  48	  
hours	  
p	  vs	  72	  
hours	  
Pre-­‐op	  
	  
6.45	  (5.18-­‐8.01)	  
n=24	  
-­‐	   0.029	   0.001	   <0.001	   0.032	  
6	  hours	  
	  
7.63	  (6.67-­‐9.86)	  
n=24	  
0.029	   -­‐	   0.177	   0.006	   0.596	  
24	  hours	  
	  
9.34	  (7.39-­‐10.74)	  
n=24	  
0.001	   0.177	   -­‐	   	   0.099	   0.437	  
48	  hours	  
	  
9.55	  (8.26-­‐13.70)	  
n=24	  
<0.001	   0.006	   0.099	   -­‐	   0.024	  
72	  hours	  
	  
8.72	  (6.26-­‐10.76)	  
n=24	  
0.032	   0.596	   0.437	   0.024	   -­‐	  
	  
Comparison	  of	  white	  cell	  count	  between	  groups	  showed	  that	  at	  six	  hours,	  white	  cell	  count	  
was	  significantly	  higher	  in	  the	  control	  group	  but	  there	  was	  no	  difference	  at	  any	  other	  time-­‐
point	  (see	  Table	  3.81)	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Table	  3.81	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  white	  cell	  counts	  
Time	  point	  
	  
Standard	  group	  
Median	  WCC	  (IQR)	  
ERP	  group	  
Median	  WCC	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
5.99	  (4.45-­‐7.30)	  n=24	   6.45	  (5.18-­‐8.01)	  n=24	   0.398	  
6	  hours	  
	  
9.48	  (8.15-­‐11.74)	  n=24	   7.63	  (6.67-­‐9.86)	  n=24	   0.029	  
24	  hours	  
	  
10.37	  (8.21-­‐11.87)	  n=24	   9.34	  (7.39-­‐10.74)	  n=24	   0.112	  
48	  hours	  
	  
9.55	  (8.22-­‐12.16)	  n=24	   9.55	  (8.26-­‐13.70)	  n=24	   0.529	  
72	  hours	  
	  
8.11	  (7.36-­‐9.90)	  n=23	   8.72	  (6.26-­‐10.76)	  n=24	   0.915	  
	  
	  
Table	  3.82	  displays	   the	  results	  of	   the	   linear	  modelling	  analysis	   for	  perioperative	  white	  cell	  
counts.	  	  
	  
Table	  3.82	  Summary	  of	  main	  effects	  of	  factors	  on	  WCC.	  	  
Factor	  
	  
WCC	  at	  6	  hours	  
Sig.	  
WCC	  at	  24	  
hours	  
Sig.	  
WCC	  at	  48	  
hours	  
Sig.	  
WCC	  at	  72	  
hours	  
Sig.	  
Group	  
	  
0.051	   0.126	   0.793	   0.956	  
Preoperative	  
chemotherapy	  
	   	  -­‐	   -­‐	   -­‐	   -­‐	  
Size	  of	  
resection	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Age	   -­‐	   	   -­‐	   -­‐	  
Operative	  
severity	  score	  	  
-­‐	   -­‐	   -­‐	   -­‐	  
Weight	  of	  
specimen	  
	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
WCC	  
-­‐	   0.008	   0.025	   -­‐	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There	  was	  a	  significant	  positive	  correlation	  between	  the	  preoperative	  WCC	  and	  WCC	  at	  24	  
and	  48	  hours.	  Correlation	  coefficients	  are	  displayed	  in	  Table	  3.83.	  
Table	   3.83	   Correlation	   coefficients	   for	   log	   preoperative	   WCC	   with	   log	   WCC	   number	   at	  
subsequent	  time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
24	  hours	   0.35	   0.015	  
48	  hours	   0.33	   0.022	  
	  
There	  was	  no	  significant	  difference	  in	  WCC	  between	  groups.	  
3.5.2.1	  	  Summary	  of	  findings	  
In	  the	  control	  group	  WCC	  rose	  significantly	  from	  preoperative	  to	  six-­‐hour	  values.	  There	  was	  
no	   significant	   change	   between	   six	   and	   48	   hours,	   but	   by	   72	   hours	   WCC	   had	   decreased	  
significantly.	  In	  the	  ERP	  group	  the	  WCC	  response	  was	  slightly	  different,	  rising	  significantly	  by	  
six	   hours	   but	   then	   rising	   further	   and	   peaking	   at	   48	   hours	   before	   decreasing	   at	   72	   hours.	  
Initial	   comparison	   indicated	   that	  WCC	  was	   significantly	   higher	   in	   the	   control	   group	   at	   six	  
hours	   (p=0.029)	   however	   this	   difference	   was	   not	   present	   after	   controlling	   for	   the	  
confounding	  factors	  with	  linear	  modelling.	  Therefore	  there	  was	  no	  significant	  difference	  in	  
WCC	  between	  groups	  at	  any	  time	  point.	  
Preoperative	  WCC	  was	  positively	  correlated	  with	  subsequent	  WCCs	  at	  24	  and	  48	  hours.	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3.5.3	   Lymphocytes	  
There	  was	  no	  difference	  in	  preoperative	  lymphocyte	  counts	  between	  groups.	  In	  the	  control	  
group	   there	  was	  a	   significant	   fall	   in	   lymphocyte	  count	  between	  preoperative	  and	  six-­‐hour	  
time	  points.	  Lymphocyte	  counts	  reached	  a	  nadir	  between	  six	  and	  24	  hours	  before	  beginning	  
to	   rise.	   By	   48	   hours	   lymphocyte	   count	   had	   risen	   significantly.	   There	   was	   no	   difference	  
between	   48	   and	   72	   hours	   with	   levels	   remaining	   lower	   than	   preoperative	   values	   for	   the	  
entire	  sampling	  period	  (see	  Figure	  3.31	  and	  Table	  3.83)	  
	  
Figure	   3.31	   Lymphocyte	   count	   (109/l)	   as	   a	   function	   of	   postoperative	   time	   for	   control	   and	  
ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges	  
	  
In	   the	   ERP	   group	   lymphocyte	   count	   also	   decreased	   significantly	   by	   six	   and	   24	   hours.	  
However,	  by	  48	  hours	  lymphocyte	  count	  had	  risen	  and	  was	  not	  significantly	  different	  from	  
the	  preoperative	  value,	  but	  was	  not	  sustained	  and	  by	  72	  hours	  the	  count	  was	  again	   lower	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than	  baseline.	  	  
Table	  3.83	  Perioperative	  lymphocyte	  counts	  in	  the	  control	  group;	  median	  values	  (109/l)	  and	  
interquartile	  ranges.	  
Time	  point	  
	  
Standard	  group	  
lymphocytes	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
1.14	  (1.05-­‐1.89)	  
n=24	  
-­‐	   <0.001	  
6	  hours	  
	  
0.66	  (0.45-­‐0.89)	  
n=24	  
<0.001	   -­‐	  
24	  hours	  
	  
0.80	  (0.62-­‐1.03)	  
n=24	  
<0.001	   0.186	  
48	  hours	  
	  
0.95	  (0.70-­‐1.38)	  
n=24	  
0.003	   0.012	  
72	  hours	  
	  
1.00	  (0.70-­‐1.40)	  
n=23	  
0.004	   0.008	  
	  
Table	   3.84	   Median	   values	   (109/l)	   and	   interquartile	   ranges	   of	   perioperative	   lymphocyte	  
counts	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  
lymphocytes	  (IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
1.40	  (0.91-­‐1.97)	  
n=24	  
-­‐	   0.034	  
6	  hours	  
	  
0.89	  (0.59-­‐1.46)	  
n=24	  
0.034	   -­‐	  
24	  hours	  
	  
0.96	  (0.72-­‐1.21)	  
n=24	  
0.034	   0.476	  
48	  hours	  
	  
1.05	  (0.90-­‐1.20)	  
n=24	  
0.125	   0.078	  
72	  hours	  
	  
0.95	  (0.69-­‐1.25)	  
n=24	  
0.017	   0.628	  
	  
Comparison	   of	   lymphocyte	   counts	   between	   groups	   showed	   that	   there	  was	   no	   significant	  
difference	  at	  any	  time	  point	  (see	  Table	  3.85)	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Table	  3.85	  Perioperative	  lymphocyte	  counts,	  median	  values	  (109/l)	  and	  interquartile	  ranges.	  
Time	  point	  
	  
Standard	  group	  
Median	  lymphocytes	  
(IQR)	  
ERP	  group	  
Median	  lymphocytes	  
(IQR)	  
p	  value	  
Pre-­‐operative	  
	  
1.14	  (1.05-­‐1.89)	  n=24	   1.40	  (0.91-­‐1.97)	  n=24	   0.657	  
6	  hours	  
	  
0.66	  (0.45-­‐0.89)	  n=24	   0.89	  (0.59-­‐1.46)	  n=24	   0.089	  
24	  hours	  
	  
0.80	  (0.62-­‐1.03)	  n=24	   0.96	  (0.72-­‐1.21)	  n=24	   0.169	  
48	  hours	  
	  
0.95	  (0.70-­‐1.38)	  n=24	   1.05	  (0.90-­‐1.20)	  n=24	   0.403	  
72	  hours	  
	  
1.00	  (0.70-­‐1.40)	  n=23	   0.95	  (0.69-­‐1.25)	  n=24	   0.587	  
	  
Table	  3.86	  shows	  the	  results	  of	  the	   linear	  modelling	  analysis	   for	  perioperative	   lymphocyte	  	  
counts.	  	  
Table	  3.86	  Summary	  of	  main	  effects	  of	  factors	  on	  lymphocyte	  count	  	  
Factor	  
	  
Lymphocytes	  at	  
6	  hours	  
Sig.	  
Lymphocytes	  at	  
24	  hours	  
Sig.	  
Lymphocytes	  at	  
48	  hours	  
Sig.	  
Lymphocytes	  at	  
72	  hours	  
Sig.	  
Group	  
	  
0.222	   0.054	   0.169	   0.952	  
Preoperative	  
chemotherapy	  
	   	  -­‐	   -­‐	   -­‐	   -­‐	  
Size	  of	  
resection	  
-­‐	   -­‐	   -­‐	   -­‐	  
Age	   -­‐	   0.002	   -­‐	   -­‐	  
Operative	  
severity	  score	  	  
-­‐	   -­‐	   -­‐	   -­‐	  
Weight	  of	  
specimen	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
Lymphocytes	  
-­‐	   <0.001	   0.011	   <0.001	  
	  
There	  were	  positive	  correlations	  between	  preoperative	  lymphocyte	  counts	  and	  lymphocyte	  
counts	  at	  24,	  48	  and	  72	  hours.	  	  Correlation	  coefficients	  are	  displayed	  in	  Table	  3.87	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Table	  3.87	  Correlation	  coefficients	   for	   log	  preoperative	   lymphocytes	  with	   log	   lymphocytes	  
number	  at	  subsequent	  time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
24	  hours	   0.38	   0.0077	  
48	  hours	   0.34	   0.018	  
72	  hours	   0.51	   0.00025	  
	  
At	  24	  hours	  there	  was	  a	  mild	  negative	  correlation	  between	  lymphocyte	  count	  and	  age	  with	  a	  
correlation	  coefficient	  of	  -­‐0.29	  (p=0.046)	  (see	  Figure	  3.32).	  This	  effect	  what	  was	  not	  seen	  at	  
any	  other	  time	  point.	  
Figure	  3.32	  Correlation	  between	  age	  and	  lymphocyte	  count	  at	  24	  hours	  
There	  was	  no	  significant	  difference	  between	  groups	  in	  lymphocyte	  counts	  at	  any	  time	  point	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3.5.3.1	  	  Summary	  of	  findings	  
Lymphocyte	  counts	  fell	  significantly	  in	  both	  groups	  reaching	  a	  minimum	  between	  at	  six	  and	  
24	   hours.	   In	   the	   control	   group	   lymphocyte	   counts	   then	   began	   to	   increase	   and	   were	  
significantly	  higher	  at	  48	  hours	  compared	  with	   the	  six-­‐hour	  values,	  however	   they	  had	  not	  
returned	   to	   preoperative	   levels	   by	   the	   end	   of	   the	   sampling	   period.	   In	   the	   ERP	   group	   the	  
lymphocyte	  count	  did	  not	  rise	  significantly	   from	  the	  six-­‐hour	  value	   for	   the	  remaining	  time	  
points.	  There	  were	  no	  significant	  differences	   in	   lymphocyte	  counts	  between	  groups	  at	  any	  
time	  point.	  
At	  24	  hours	  there	  was	  a	  negative	  correlation	  between	  lymphocyte	  count	  and	  age	  (P=0.046).	  
However	  this	  effect	  was	  mild	  with	  a	  correlation	  coefficient	  of	  -­‐0.29	  and	  was	  not	  present	  at	  
six,	  48	  or	  72	  hours.	  It	  is	  unlikely	  to	  be	  of	  any	  significance.	  
Preoperative	   lymphocyte	  counts	  were	  positively	  correlated	  with	   lymphocyte	  counts	  at	  24,	  
48	  and	  72	  hours.	  
	  
3.5.3	   T-­‐cells	  (CD3)	  	  
There	  was	  no	  significant	  difference	  in	  preoperative	  CD3	  cell	  counts	  between	  groups.	  In	  the	  
control	   group	  CD3	   counts	   fell	   significantly	   reaching	   a	   nadir	   at	   six	   hours.	   By	   24	  hours	   CD3	  
counts	   had	   risen	   significantly	   but	   still	   remained	   below	   preoperative	   levels.	   There	  was	   no	  
significant	   difference	   in	   CD3	   counts	   between	  24	   and	  72	  hours	   (see	   Figure	   3.33	   and	   Table	  
3.88).	  
	  
In	   the	   ERP	   group	   there	   was	   no	   significant	   change	   in	   CD3	   cell	   counts	   across	   the	   entire	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perioperative	  period	  (see	  Table	  3.89).	  
	  
	  
Figure	  3.33	  CD3	  count	  (109/l)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  ERP	  groups.	  	  
Median	  values	  and	  interquartile	  ranges	  
	  
Table	  3.88	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  CD3	  counts	  in	  the	  
control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  CD3	  (IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
1.09	  (0.83-­‐1.38)	  
n=24	  
-­‐	   <0.001	  
6	  hours	  
	  
0.48	  (0.30-­‐0.65)	  
n=23	  
<0.001	   -­‐	  
24	  hours	  
	  
0.59	  (0.36-­‐0.90)	  
n=22	  
<0.001	   <0.001	  
48	  hours	  
	  
0.65	  (0.47-­‐1.06)	  
n=22	  
0.006	   0.010	  
72	  hours	  
	  
0.76	  (0.50-­‐1.03)	  
n=23	  
0.009	   0.002	  
0
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Table	  3.89	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  CD3	  counts	  in	  the	  
ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  CD3	  (IQR)	  
p	  vs	  pre-­‐op	  
Pre-­‐op	  
	  
0.98	  (0.71-­‐1.43)	  n=24	   -­‐	  
6	  hours	  
	  
0.52	  (0.34-­‐0.97)	  n=20	   0.078	  
24	  hours	  
	  
0.73	  (0.52-­‐0.82)	  n=21	   0.316	  
48	  hours	  
	  
0.70	  (0.48-­‐0.94)	  n=20	   0.182	  
72	  hours	  
	  
0.64	  (0.44-­‐0.91)	  n=23	   0.455	  
	  
Comparison	  of	  CD3	  counts	  between	  groups	  showed	  that	  there	  was	  no	  significant	  difference	  
at	  any	  time	  point	  (see	  Table	  3.90)	  
Table	  3.90	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  CD3	  counts	  
Time	  point	  
	  
Standard	  group	  
Median	  CD3	  (IQR)	  
ERP	  group	  
Median	  CD3	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
1.09	  (0.83-­‐1.38)	  n=24	   0.98	  (0.71-­‐1.43)	  n=24	   0.398	  
6	  hours	  
	  
0.48	  (0.30-­‐0.65)	  n=23	   0.52	  (0.34-­‐0.97)	  n=20	   0.268	  
24	  hours	  
	  
0.59	  (0.36-­‐0.90)	  n=22	   0.73	  (0.52-­‐0.82)	  n=21	   0.382	  
48	  hours	  
	  
0.65	  (0.47-­‐1.06)	  n=22	   0.70	  (0.48-­‐0.94)	  n=20	   0.960	  
72	  hours	  
	  
0.76	  (0.50-­‐1.03)	  n=23	   0.64	  (0.44-­‐0.91)	  n=23	   0.350	  
	  
Table	  3.91	  displays	  the	  results	  of	  the	   linear	  modelling	  analysis	  conducted	  on	  perioperative	  
CD3	  cell	  counts.	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Table	  3.91	  Summary	  of	  main	  effects	  of	  factors	  on	  CD3	  count	  
Factor	  
	  
CD3	  at	  6	  hours	  
Sig.	  
CD3	  at	  24	  hours	  
Sig.	  
CD3	  at	  48	  hours	  
Sig.	  
CD3	  at	  72	  hours	  
Sig.	  
Group	  
	  
0.726	   0.764	   0.001	   <0.001	  
Preoperative	  
chemotherapy	  
	   	  -­‐	   -­‐	   -­‐	   -­‐	  
Size	  of	  
resection	  
-­‐	   -­‐	   -­‐	   -­‐	  
Age	   -­‐	   0.024	   -­‐	   -­‐	  
Operative	  
severity	  score	  	  
-­‐	   -­‐	   0.007	   0.010	  
Weight	  of	  
specimen	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
CD3	  
-­‐	   0.001	   <0.001	   <0.001	  
	  
There	  were	   significant	  positive	   correlations	  between	  preoperative	  CD3	  and	  CD3	  at	   24,	   48	  
and	  72	  hours.	  	  Correlation	  coefficients	  are	  displayed	  in	  Table	  3.92	  
	  
Table	   3.92	   Correlation	   coefficients	   for	   log	   preoperative	   CD3	   with	   log	   CD3	   number	   at	  
subsequent	  time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
24	  hours	   0.45	   0.0025	  
48	  hours	   0.47	   0.0017	  
72	  hours	   0.54	   0.00011	  
	  
At	  24	  hours	  there	  was	  a	  negative	  correlation	  between	  age	  and	  CD3	  (r=-­‐0.33;	  p=0.031).	  
At	  48	  and	  72	  hours	  OSS	  had	  a	  significant	  effect	  on	  CD3	  count.	  The	  effect	  was	  different	  
between	  groups.	  In	  the	  control	  group	  there	  was	  no	  significant	  correlation	  whereas	  in	  the	  
	  
	  
177	  
ERP	  group	  there	  was	  a	  significant	  positive	  correlation	  at	  both	  48	  hours	  (r=0.48,	  p=0.00074)	  
and	  72	  hours	  (r=0.48,	  p=0.00074)	  (see	  Figures	  3.34	  and	  3.35).	  
	   	  
Figures	  3.34	  and	  3.35	  Relationship	  between	  OSS	  and	  CD3	  count	  at	  48	  and	  72	  hours.	   	  Blue	  
lines	  show	  associations	  for	  the	  control	  group,	  green	  lines	  for	  the	  ERP	  group	  
	  
Finally,	  there	  was	  a	  significant	  difference	  in	  CD3	  count	  between	  groups	  at	  48	  and	  72	  hours	  
(see	  Table	  3.93)	  
Table	  3.93	  Mean	  CD3	  counts	  for	  both	  groups	  at	  48	  and	  72	  hours.	  
	   Standard	  group	   Enhanced	  group	  
Mean	   CD3	   at	   48	   hours	   (95%	  
confidence	  interval)	  
0.68	  	  (0.58	  –	  0.80)	   0.63	  (0.53	  –	  0.75)	  
Mean	   CD3	   at	   72	   hours	   (95%	  
confidence	  interval)	  
0.74	  (0.64	  -­‐	  	  0.85)	   0.59	  (0.51	  –	  0.68)	  
	  
3.5.3.1	  	  Summary	  of	  findings	  
In	  the	  control	  group	  CD3	  counts	  fell	  significantly	  reaching	  a	  nadir	  at	  six	  hours.	  By	  24	  hours	  
they	   had	   risen	   significantly	   but	   remained	   below	   the	   preoperative	   value.	   There	   was	   no	  
	  
	  
178	  
significant	  change	   in	  CD3	  count	  between	  24	  and	  72	  hours.	   In	  the	  ERP	  group	  there	  was	  no	  
significant	   change	   in	   CD3	   count	   from	   the	   preoperative	   value	   across	   the	   entire	   sampling	  
period.	  
Initial	   comparison	  between	   groups	   showed	  no	   significant	   difference	   in	  CD3	   counts	   at	   any	  
time	  point.	  However,	  the	  results	  of	  linear	  modelling	  analysis	  revealed	  a	  significantly	  higher	  
CD3	  count	  in	  the	  control	  group	  at	  48	  and	  72	  hours	  (p=0.001	  and	  p<0.001	  respectively).	  	  
At	   24	   hours	   there	   was	   a	   significant	   negative	   correlation	   between	   age	   and	   CD3	   count	  
(p=0.024).	  However	  this	  was	  not	  seen	  at	  any	  other	  time	  point.	  
At	  48	  and	  72	  hours	  there	  was	  a	  significant	  positive	  correlation	  between	  OSS	  and	  CD3	  count	  
in	  the	  ERP	  group,	  however	  this	  was	  not	  present	  in	  the	  control	  group.	  	  
Preoperative	  CD3	  were	  positively	  correlated	  with	  CD3	  counts	  at	  24,	  48	  and	  72	  hours.	  
	  
3.5.4	   B-­‐cells	  (CD19).	  
There	  was	  no	  significant	  difference	  in	  preoperative	  CD19	  cell	  counts	  between	  groups.	  	  
In	   the	   control	   group	   there	  was	   an	   initial	   fall	   in	   CD19	   count	  with	   the	   six-­‐hour	   value	   being	  
significantly	  lower	  than	  the	  preoperative	  value.	  By	  24	  hours	  the	  CD19	  count	  had	  returned	  to	  
preoperative	  levels.	  There	  was	  no	  difference	  in	  CD19	  counts	  between	  24	  and	  72	  hours	  (see	  
Figure	  3.36	  and	  Table	  3.94)	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Figure	   3.36	   CD19	   count	   (109/l)	   as	   a	   function	   of	   postoperative	   time	   for	   control	   and	   ERP	  
groups.	  	  Median	  values	  and	  interquartile	  ranges	  
	  
Table	  3.94	  Median	  values	   (109/l)	  and	   interquartile	   ranges	  of	  perioperative	  CD19	  counts	   in	  
the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  CD19	  (IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
0.09	  (0.05-­‐0.20)	  
n=24	  
-­‐	   0.029	  
6	  hours	  
	  
0.05	  (0.03-­‐0.11)	  
n=23	  
0.029	   -­‐	  
24	  hours	  
	  
0.09	  (0.04-­‐0.12)	  
n=22	  
0.350	   0.047	  
48	  hours	  
	  
0.09	  (0.05-­‐0.15)	  
n=22	  
0.878	   0.042	  
72	  hours	  
	  
0.11	  (0.05-­‐0.20)	  
n=23	  
0.949	   0.036	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In	  the	  ERP	  group	  there	  was	  no	  significant	  change	  in	  CD19	  count	  across	  the	  entire	  sampling	  
period	  (see	  Table	  3.95)	  
Table	  3.95	  Median	  values	   (109/l)	  and	   interquartile	   ranges	  of	  perioperative	  CD19	  counts	   in	  
the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  CD19	  (IQR)	  
p	  vs	  pre-­‐op	  
Pre-­‐op	  
	  
0.11	  (0.06-­‐0.16)	  n=24	   -­‐	  
6	  hours	  
	  
0.11	  (0.06-­‐0.16)	  n=20	   0.916	  
24	  hours	  
	  
0.09	  (0.07-­‐0.21)	  n=21	   0.991	  
48	  hours	  
	  
0.14	  (0.10-­‐0.22)	  n=20	   0.104	  
72	  hours	  
	  
0.11	  (0.07-­‐0.20)	  n=23	   0.419	  
	  
Comparison	  of	  CD19	  cell	  counts	  between	  groups	  showed	  that	  at	  six	  hours	  the	  CD19	  count	  
was	   significantly	   higher	   in	   the	   ERP	   group.	   There	   was	   no	   difference	   demonstrated	   at	   any	  
other	  time	  point	  (see	  Table	  3.96).	  
Table	  3.96	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  CD19	  counts	  
Time	  point	  
	  
Standard	  group	  
Median	  CD19	  (IQR)	  
ERP	  group	  
Median	  CD19	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
0.09	  (0.05-­‐0.20)	  n=24	   0.11	  (0.06-­‐0.16)	  n=24	   0.893	  
6	  hours	  
	  
0.05	  (0.03-­‐0.11)	  n=23	   0.11	  (0.06-­‐0.16)	  n=20	   0.018	  
24	  hours	  
	  
0.09	  (0.04-­‐0.12)	  n=22	   0.09	  (0.07-­‐0.21)	  n=21	   0.388	  
48	  hours	  
	  
0.09	  (0.05-­‐0.15)	  n=22	   0.14	  (0.10-­‐0.22)	  n=20	   0.055	  
72	  hours	  
	  
0.11	  (0.05-­‐0.20)	  n=23	   0.11	  (0.07-­‐0.20)	  n=23	   0.410	  
	  
Table	  3.97	  shows	  results	  of	  the	  linear	  modelling	  analysis	  for	  perioperative	  CD19	  cell	  counts.	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Table	  3.97	  Summary	  of	  main	  effects	  of	  factors	  on	  CD19.	  	  
Factor	  
	  
CD19	  at	  6	  hours	  
Sig.	  
CD19	  at	  24	  
hours	  
Sig.	  
CD19	  at	  48	  
hours	  
Sig.	  
CD19	  at	  72	  
hours	  
Sig.	  
Group	  
	  
0.009	   0.207	   0.041	   0.230	  
Preoperative	  
chemotherapy	  
	   	  -­‐	   -­‐	   -­‐	   -­‐	  
Size	  of	  
resection	  
-­‐	   -­‐	   -­‐	   -­‐	  
Age	   -­‐	   	   -­‐	   -­‐	  
Operative	  
severity	  score	  	  
-­‐	   -­‐	   -­‐	   -­‐	  
Weight	  of	  
specimen	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
CD19	  
0.017	   <0.001	   <0.001	   0.006	  
	  
There	  were	  significant	  positive	  correlations	  between	  preoperative	  CD19	  and	  CD19	  at	  6,	  24,	  
48	  and	  72	  hours;	  correlation	  coefficients	  are	  displayed	  in	  Table	  3.98.	  
Table	   3.98	   Correlation	   coefficients	   for	   log	   preoperative	   CD19	   with	   log	   CD19	   number	   at	  
subsequent	  time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.47	   0.015	  
24	  hours	   0.68	   0.000001	  
48	  hours	   0.54	   0.00023	  
72	  hours	   0.43	   0.0029	  
	  
At	  six	  and	  48	  hours	  there	  was	  a	  significant	  difference	  in	  CD19	  counts	  between	  groups	  (see	  
Table	  3.99)	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Table	  3.99	  Mean	  CD19	  counts	  for	  both	  groups	  at	  6	  and	  48	  hours.	  
	   Standard	  group	   Enhanced	  group	  
Mean	   CD19	   at	   6	   hours	   (95%	  
confidence	  interval)	  
0.055	  (0.042	  -­‐	  0.073)	   0.096	  (0.071	  –	  0.130)	  
Mean	  CD19	  at	  48	  hours	   (95%	  
confidence	  interval)	  
0.092	  (0.072	  –	  0.117)	   0.132	  (0.103	  –	  0.71)	  
	  
3.5.4.1	  Summary	  of	  findings	  
In	  the	  control	  group	  CD19	  counts	  fell	  significantly	  reaching	  a	  nadir	  at	  six	  hours	  returning	  to	  
the	  preoperative	   level	  by	  24	  hours	  and	  staying	  there	  for	  the	  remaining	  time	  points.	   In	  the	  
ERP	   group	   CD19	   counts	   did	   not	   change	   significantly	   from	   the	   preoperative	   value	   for	   the	  
entire	  sampling	  period.	  	  
Initial	   comparison	  between	  groups	   revealed	   that	  CD19	  was	   significantly	  higher	   in	   the	  ERP	  
group	  at	  six	  (p=0.018).	  The	  results	  of	  the	  linear	  modelling	  agreed	  with	  this	  finding	  and	  also	  
revealed	  that	  CD19	  counts	  were	  significantly	  higher	  in	  the	  ERP	  group	  at	  48	  hours	  (p=0.041).	  	  
Preoperative	   CD19	  were	   positively	   correlated	   with	   CD19	   counts	   at	   all	   perioperative	   time	  
points.	  
 
3.5.5	   Natural	  killer	  cells	  (NK)	  	  
There	  was	  no	  significant	  difference	   in	  preoperative	  NK	  cell	  counts	  between	  groups.	   In	   the	  
control	  group	  NK	  cell	  counts	  were	  significantly	  lower	  than	  the	  preoperative	  value.	  There	  was	  
no	  difference	  in	  NK	  cell	  count	  between	  48	  and	  72	  hours	  (see	  Figure	  	  3.37	  and	  Table	  3.100)	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Figure	  3.37	  Natural	  killer	  cell	   count	   (109/L)	  as	  a	   function	  of	  postoperative	   time	  for	  control	  
and	  ERP	  groups.	  	  Median	  values	  and	  interquartile	  ranges	  
	  
Table	  3.100	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  NK	  cell	  counts	  in	  
the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  NK	  (IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
0.14	  (0.09-­‐0.32)	  
n=24	  
-­‐	   0.123	  
6	  hours	  
	  
0.12	  (0.05-­‐0.17)	  
n=23	  
0.123	   -­‐	  
24	  hours	  
	  
0.09	  (0.05-­‐0.23)	  
n=22	  
0.079	   0.003	  
48	  hours	  
	  
0.09	  (0.05-­‐0.14)	  
n=22	  
0.030	   0.609	  
72	  hours	  
	  
0.08	  (0.06-­‐0.17)	  
n=23	  
0.032	   0.835	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In	  the	  ERP	  group	  the	  NK	  cell	  counts	  also	  fell	  and	  by	  24	  hours	  were	  significantly	  lower	  than	  
the	  preoperative	  value.	  There	  was	  no	  difference	  in	  NK	  cell	  count	  between	  24	  and	  72	  hours	  
(see	  Table	  3.101)	  
Table	  3.101	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  NK	  cell	  counts	  in	  
the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  NK	  (IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
0.19	  (0.14-­‐0.28)	  
n=24	  
-­‐	   0.340	  
6	  hours	  
	  
0.17	  (0.10-­‐0.23)	  
n=20	  
0.340	   -­‐	  
24	  hours	  
	  
0.13	  (0.09-­‐0.20)	  
n=21	  
0.023	   0.006	  
48	  hours	  
	  
0.13	  (0.06-­‐0.17)	  
n=20	  
0.046	   0.044	  
72	  hours	  
	  
0.10	  (0.06-­‐0.16)	  
n=23	  
0.002	   0.021	  
	  
Comparison	   of	   NK	   cell	   counts	   between	   groups	   showed	   that	   there	   was	   no	   significant	  
difference	  at	  any	  perioperative	  time	  point	  (see	  Table	  3.102)	  
Table	  3.102	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  NK	  cell	  counts	  
Time	  point	  
	  
Standard	  group	  
Median	  NK	  (IQR)	  
ERP	  group	  
Median	  NK	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
0.14	  (0.09-­‐0.32)	  
n=24	  
0.19	  (0.14-­‐0.28)	  
n=24	  
0.592	  
6	  hours	  
	  
0.12	  (0.05-­‐0.17)	  
n=23	  
0.17	  (0.10-­‐0.23)	  
n=20	  
0.128	  
24	  hours	  
	  
0.09	  (0.05-­‐0.23)	  
n=22	  
0.13	  (0.09-­‐0.20)	  
n=21	  
0.496	  
48	  hours	  
	  
0.09	  (0.05-­‐0.14)	  
n=22	  
0.13	  (0.06-­‐0.17)	  
n=20	  
0.273	  
72	  hours	  
	  
0.08	  (0.06-­‐0.17)	  
n=23	  
0.10	  (0.06-­‐0.16)	  
n=23	  
0.913	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Table	  3.103	  displays	  results	  of	  the	  linear	  modelling	  analysis	  for	  perioperative	  NK	  cell	  counts.	  
Table	  3.103	  Summary	  of	  main	  effects	  of	  factors	  on	  NK	  cell	  counts	  	  
Factor	  
	  
NK	  at	  6	  hours	  
Sig.	  
NK	  at	  24	  hours	  
Sig.	  
NK	  at	  48	  hours	  
Sig.	  
NK	  at	  72	  hours	  
Sig.	  
Group	  
	  
0.454	   0.641	   0.845	   0.933	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   -­‐	  
Size	  of	  
resection	  
-­‐	   -­‐	   -­‐	   -­‐	  
Age	   -­‐	   	   -­‐	   -­‐	  
Operative	  
severity	  score	  	  
-­‐	   -­‐	   -­‐	   -­‐	  
Weight	  of	  
specimen	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
NK	  
0.001	   0.001	   0.001	   0.008	  
	  
There	  were	  significant	  positive	  correlations	  between	  preoperative	  NK	  cell	  count	  and	  NK	  cell	  
counts	  at	  6,	  24,	  48	  and	  72	  hours.	  	  Correlation	  coefficients	  are	  displayed	  in	  Table	  3.104	  
Table	  3.104	  Correlation	  coefficients	  for	  log	  preoperative	  NK	  with	  log	  NK	  at	  subsequent	  time	  
points	  
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.47	   0.0015	  
24	  hours	   0.49	   0.00085	  
48	  hours	   0.33	   0.033	  
72	  hours	   0.39	   0.0074	  
	  
There	  was	  no	  significant	  difference	  in	  NK	  cell	  counts	  between	  groups	  at	  any	  time	  point.	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3.5.5.1	  	  Summary	  of	  findings	  
In	   both	   groups,	   natural	   killer	   cell	   counts	   decreased	   significantly	   across	   the	   perioperative	  
time	  There	  was	  no	  significant	  difference	  in	  NK	  cell	  counts	  between	  groups	  at	  any	  time	  point.	  
Preoperative	  NK	  cell	  counts	  were	  positively	  correlated	  with	  NK	  cell	  counts	  at	  all	  time	  points. 
	  
3.5.6	   Monocyte	  HLA-­‐DR	  expression	  	  
There	  was	  no	  difference	  in	  preoperative	  HLA-­‐DR	  cell	  counts	  between	  groups.	  In	  the	  control	  
group	  counts	  fell	  significantly	  from	  the	  preoperative	  level	  reaching	  a	  nadir	  at	  six	  hours	  and	  
remaining	   below	   baseline	   for	   the	   remaining	   sampling	   period.	   There	   was	   no	   significant	  
difference	  HLA-­‐DR	  cell	  counts	  between	  six	  and	  72	  hours	  (see	  Figure	  3.38	  and	  Table	  3.105).	  
	  
Figure	  3.38	  HLA-­‐DR	  cell	  count	  (109/l)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  ERP	  
groups.	  	  Median	  values	  and	  interquartile	  ranges	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Table	   3.105	   Median	   values	   (109/l)	   and	   interquartile	   ranges	   of	   perioperative	   HLA-­‐DR	   cell	  
counts	  in	  the	  control	  group.	  
Time	  point	  
	  
Standard	  group	  
Median	  HLA-­‐DR	  (IQR)	  
p	  vs	  pre-­‐op	  
Pre-­‐op	  
	  
0.14	  (0.09-­‐0.18)	  n=24	   -­‐	  
6	  hours	  
	  
0.07	  (0.03-­‐0.08)	  n=23	   <0.001	  
24	  hours	  
	  
0.06	  (0.04-­‐0.13)	  n=22	   0.005	  
48	  hours	  
	  
0.06	  (0.04-­‐0.11)	  n=22	   0.005	  
72	  hours	  
	  
0.08	  (0.04-­‐0.10)	  n=23	   0.003	  
	  
In	   the	   ERP	   group	   HLA-­‐DR	   cell	   counts	   did	   not	   change	   significantly	   from	   the	   preoperative	  
value	  for	  the	  entire	  sampling	  period	  (see	  Table	  3.106)	  
Table	   3.106	   Median	   values	   (109/l)	   and	   interquartile	   ranges	   of	   perioperative	   HLA-­‐DR	   cell	  
counts	  in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  HLA-­‐DR	  (IQR)	  
p	  vs	  pre-­‐op	  
Pre-­‐op	  
	  
0.11	  (0.06-­‐0.22)	  n=24	   -­‐	  
6	  hours	  
	  
0.09	  (0.03-­‐0.17)	  n=20	   0.123	  
24	  hours	  
	  
0.10	  (0.05-­‐0.20)	  n=21	   0.453	  
48	  hours	  
	  
0.09	  (0.04-­‐0.18)	  n=20	   0.347	  
72	  hours	  
	  
0.07	  (0.04-­‐0.13)	  n=23	   0.110	  
	  
Comparison	  of	  HLA-­‐DR	  cell	  counts	  between	  groups	  showed	  no	  significant	  difference	  at	  any	  
perioperative	  time	  point	  (see	  Table	  3.107).	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Table	  3.107	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  HLA-­‐DR	  cell	  
counts	  
Time	  point	  
	  
Standard	  group	  
Median	  HLA-­‐DR	  (IQR)	  
ERP	  group	  
Median	  HLA-­‐DR	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
0.14	  (0.09-­‐0.18)	  n=24	   0.11	  (0.06-­‐0.22)	  n=24	   0.650	  
6	  hours	  
	  
0.07	  (0.03-­‐0.08)	  n=23	   0.09	  (0.03-­‐0.17)	  n=20	   0.383	  
24	  hours	  
	  
0.06	  (0.04-­‐0.13)	  n=22	   0.10	  (0.05-­‐0.20)	  n=21	   0.264	  
48	  hours	  
	  
0.06	  (0.04-­‐0.11)	  n=22	   0.09	  (0.04-­‐0.18)	  n=20	   0.480	  
72	  hours	  
	  
0.08	  (0.04-­‐0.10)	  n=23	   0.07	  (0.04-­‐0.13)	  n=23	   0.637	  
	  
	  
Table	  3.108	  displays	  the	  results	  of	  the	  linear	  modelling	  analysis	  for	  perioperative	  HLA-­‐DR	  cell	  
counts.	  
	  
Table	  3.108	  Summary	  of	  main	  effects	  of	  factors	  on	  HLA-­‐DR	  	  
Factor	  
	  
HLA-­‐DR	  at	  6	  
hours	  
Sig.	  
HLA-­‐DR	  at	  24	  
hours	  
Sig.	  
HLA-­‐DR	  at	  48	  
hours	  
Sig.	  
HLA-­‐DR	  at	  72	  
hours	  
Sig.	  
Group	   0.494	   0.807	   0.550	   0.355	  
Preoperative	  
chemotherapy	  
-­‐	   -­‐	   -­‐	   -­‐	  
Size	  of	  
resection	  
-­‐	   -­‐	   -­‐	   -­‐	  
Age	   -­‐	   	   -­‐	   -­‐	  
Operative	  
severity	  score	  	  
-­‐	   -­‐	   -­‐	   -­‐	  
Weight	  of	  
specimen	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
HLA-­‐DR	  
<0.001	   <0.001	   <0.001	   <0.001	  
	  
There	  was	  a	  positive	  correlation	  between	  preoperative	  HLA-­‐DR	  cell	  count	  and	  HLA-­‐DR	  cell	  
counts	  at	  6,	  24,	  48	  and	  72	  hours.	  	  Correlation	  coefficients	  are	  displayed	  in	  Table	  3.109	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Table	  3.109	  Correlation	  coefficients	  for	  log	  preoperative	  HLA-­‐DR	  with	  log	  HLA-­‐DR	  number	  at	  
subsequent	  time	  points	  
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.69	   <0.000001	  
24	  hours	   0.63	   0.000006	  
48	  hours	   0.56	   0.00012	  
72	  hours	   0.50	   0.0004	  
	  
There	  was	  no	  significant	  difference	  in	  HLA-­‐DR	  cell	  counts	  between	  groups	  at	  any	  time	  point.	  
3.5.6.1	  	  Summary	  of	  findings	  
In	  the	  control	  group	  HLA-­‐DR	  cell	  counts	  fell	  significantly	  from	  the	  preoperative	  value	  to	  the	  
value	  at	  six	  hours.	  This	  was	  followed	  by	  a	  plateau	  phase	  with	  no	  significant	  change	  in	  HLA-­‐
DR	  count	  between	  six	  and	  72	  hours.	  There	  was	  no	  significant	  change	  in	  HLA-­‐DR	  cell	  count	  at	  
any	  time	  point	   in	  the	  ERP	  group.	  There	  was	  no	  significant	  difference	  in	  HLA-­‐DR	  cell	  counts	  
between	  groups	  at	  any	  time	  point.	  
Preoperative	  HLA-­‐DR	   cell	   counts	  were	  positively	   correlated	  with	  HLA-­‐DR	   cell	   counts	   at	   all	  
time	  points. 
	  
3.5.7	   Helper	  T-­‐cells	  (CD4)	  
There	  was	   no	   difference	   in	   preoperative	   CD4	   cell	   counts	   between	   groups.	   In	   the	   control	  
group	  CD4	  count	  fell	  significantly	  from	  the	  preoperative	  value	  to	  that	  at	  six	  hours.	  There	  was	  
no	  difference	  between	  six	  and	  24	  hours	  but	  by	  48	  hours	   the	  CD4	  cell	  count	  had	  begun	  to	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rise	  and	  was	  significantly	  higher	  than	  the	  six-­‐hour	  value.	  The	  48-­‐	  and	  72-­‐hour	  counts	  were	  
similar	  and	  significantly	  lower	  than	  the	  preoperative	  level	  (Figure	  3.39	  and	  Table	  3.110).	  
	  
Figure	  3.39	  CD4	  count	  (109/l)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  ERP	  groups.	  	  
Median	  values	  and	  interquartile	  ranges	  
	  
Table	  3.110	  Median	  values	  (109/L)	  and	  interquartile	  ranges	  of	  perioperative	  CD4	  cell	  counts	  
in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  CD4	  (IQR)	  
p	  vs	  pre-­‐op	  
Pre-­‐op	  
	  
0.53	  (0.37-­‐0.74)	  n=24	   -­‐	  
6	  hours	  
	  
0.22	  (0.10-­‐0.28)	  n=23	   <0.001	  
24	  hours	  
	  
0.29	  (0.12-­‐0.39)	  n=22	   0.001	  
48	  hours	  
	  
0.27	  (0.18-­‐0.51)	  n=22	   0.009	  
72	  hours	  
	  
0.37	  (0.21-­‐0.67)	  n=23	   0.039	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In	  the	  ERP	  group	  the	  CD4	  cell	  count	  also	  fell	  significantly	  from	  the	  preoperative	  value	  to	  that	  
at	  six	  hours.	  CD4	  counts	  remained	  significantly	  lower	  than	  baseline	  until	  48	  hours.	  Between	  
48	  and	  72	  hours	  CD4	  cell	  counts	  were	  not	  significantly	  different	  from	  the	  preoperative	  value	  
(see	  Table	  3.111)	  
	  
Table	  3.111	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  CD4	  cell	  counts	  
in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  CD4	  (IQR)	  
p	  vs	  pre-­‐op	  
Pre-­‐op	  
	  
0.47	  (0.29-­‐0.73)	  n=24	   -­‐	  
6	  hours	  
	  
0.21	  (0.11-­‐0.38)	  n=20	   0.013	  
24	  hours	  
	  
0.30	  (0.16-­‐0.39)	  n=21	   0.010	  
48	  hours	  
	  
0.29	  (0.17-­‐0.53)	  n=20	   0.053	  
72	  hours	  
	  
0.26	  (0.21-­‐0.54)	  n=23	   0.050	  
	  
Comparison	  of	  CD4	  cell	  counts	  between	  groups	  showed	  no	  significant	  difference	  at	  any	  time	  
point	  (see	  Table	  3.112).	  
	  
Table	  3.112	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  CD4	  cell	  counts	  
Time	  point	  
	  
Standard	  group	  
Median	  CD4	  (IQR)	  
ERP	  group	  
Median	  CD4	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
0.53	  (0.37-­‐0.74)	  n=24	   0.47	  (0.29-­‐0.73)	  n=24	   0.564	  
6	  hours	  
	  
0.22	  (0.10-­‐0.28)	  n=23	   0.21	  (0.11-­‐0.38)	  n=20	   0.503	  
24	  hours	  
	  
0.29	  (0.12-­‐0.39)	  n=22	   0.30	  (0.16-­‐0.39)	  n=21	   0.644	  
48	  hours	  
	  
0.27	  (0.18-­‐0.51)	  n=22	   0.29	  (0.17-­‐0.53)	  n=20	   0.880	  
72	  hours	  
	  
0.37	  (0.21-­‐0.67)	  n=23	   0.26	  (0.21-­‐0.54)	  n=23	   0.462	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Table	  3.113	  displays	  the	  results	  of	  the	  linear	  modelling	  analysis	  conducted	  for	  perioperative	  
CD4	  cell	  counts	  
Table	  3.113	  Summary	  of	  main	  effects	  of	  factors	  on	  CD4	  	  
Factor	  
	  
CD4	  at	  6	  hours	  
Sig.	  
CD4	  at	  24	  hours	  
Sig.	  
CD4	  at	  48	  hours	  
Sig.	  
CD4	  at	  72	  hours	  
Sig.	  
Group	  
	  
0.509	   0.502	   0.237	   0.788	  
Preoperative	  
chemotherapy	  
	   	  -­‐	   -­‐	   -­‐	   -­‐	  
Size	  of	  
resection	  
-­‐	   -­‐	   -­‐	   -­‐	  
Age	   -­‐	   0.046	   -­‐	   -­‐	  
Operative	  
severity	  score	  	  
-­‐	   -­‐	   0.011	   -­‐	  
Weight	  of	  
specimen	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
CD4	  
-­‐	   0.004	   <0.001	   <0.001	  
	  
There	  was	  a	  significant	  positive	  correlation	  between	  preoperative	  CD4	  cell	   count	  and	  CD4	  
cell	  counts	  at	  24,	  48	  and	  72	  hours.	  	  Correlation	  coefficients	  are	  displayed	  in	  Table	  3.114	  	  
Table	  3.114	  Correlation	  coefficients	  for	  log	  preoperative	  CD4	  with	  log	  CD4	  at	  subsequent	  
time	  points 
Time	   Correlation	  coefficient,	  r	   p	  
24	  hours	   0.43	   0.004	  
48	  hours	   0.57	   0.00082	  
72	  hours	   0.60	   0.000011	  
	  
	  
At	   24	   hour	   there	  was	   a	   non-­‐significant	   negative	   correlation	   between	  CD4	   count	   and	   age,	  
with	  a	  correlation	  coefficient	  of	  -­‐0.29	  (p=0.059,	  see	  Figure	  3.40).	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Figure	  3.40	  Correlation	  between	  age	  and	  CD4	  count	  at	  24	  hours.	  
	  
The	   results	   of	   the	   linear	  modelling	   indicated	   that	   at	   48	   hours	   OSS	   had	   an	   effect	   on	   CD4	  
count.	  However,	  further	  analysis	  of	  the	  data	  showed	  that	  these	  variables	  did	  not	  correlate	  
significantly	  (r=0.17,	  p=0.28,	  see	  Figure	  3.41)	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  Figure	  3.41	  Correlation	  between	  OSS	  and	  CD4	  count	  at	  48	  hours.	  
	  
There	  was	  no	  significant	  difference	  in	  CD4	  counts	  between	  groups	  at	  any	  time	  point.	  
3.5.7.1	  	  Summary	  of	  findings	  
CD4	  counts	  fell	  significantly	  in	  both	  groups	  reaching	  a	  nadir	  between	  six	  and	  24	  hours.	  In	  the	  
control	  group	  they	  remained	  low	  for	  the	  subsequent	  time	  points,	  but	  in	  the	  ERP	  group	  they	  
had	  recovered	  to	  the	  preoperative	  level	  by	  48	  hours.	  There	  was	  no	  significant	  difference	  in	  
CD4	  counts	  between	  groups	  at	  any	  time	  point.	  
Preoperative	  CD4	  cell	  counts	  were	  positively	  correlated	  with	  CD4	  cell	  counts	  at	  24,	  48	  and	  
72	  hours.	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3.5.8	   Cytotoxic	  T-­‐cells	  (CD8)	  
There	  was	   no	   difference	   in	   preoperative	   CD8	   cell	   counts	   between	   groups.	   In	   the	   control	  
group	  CD8	  cell	  counts	  fell	  from	  the	  preoperative	  value	  to	  six	  hours.	  There	  was	  no	  difference	  
between	   six	   and	   24	   hours.	   CD4	   cell	   counts	   at	   48	   and	   72	   hours	  where	   significantly	   higher	  
than	  those	  at	  six	  hours	  but	  still	  below	  the	  preoperative	  value	  (Figure	  3.42	  and	  Table	  3.115).	  
	  
Figure	  3.42	  CD8	  count	  (109/l)	  as	  a	  function	  of	  postoperative	  time	  for	  control	  and	  ERP	  groups.	  	  
Median	  values	  and	  interquartile	  ranges	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Table	  3.115	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  CD8	  cell	  counts	  
in	  the	  control	  group	  
Time	  point	  
	  
Standard	  group	  
Median	  CD8	  (IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
0.23	  (0.16-­‐0.30)	  
n=24	  
-­‐	   <0.001	  
6	  hours	  
	  
0.09	  (0.07-­‐0.16)	  
n=23	  
<0.001	   -­‐	  
24	  hours	  
	  
0.16	  (0.08-­‐0.22)	  
n=22	  
0.011	   0.095	  
48	  hours	  
	  
0.13	  (0.11-­‐0.25)	  
n=22	  
0.075	   0.025	  
72	  hours	  
	  
0.16	  (0.11-­‐0.20)	  
n=23	  
0.027	   0.007	  
	  
In	   the	   ERP	   group	   there	  was	   no	   significant	   change	   in	   CD8	   cell	   counts	   across	   the	   sampling	  
period	  (see	  Table	  3.116)	  
	  
Table	  3.116	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  CD8	  cell	  counts	  
in	  the	  ERP	  group	  
Time	  point	  
	  
ERP	  group	  
Median	  CD8	  (IQR)	  
p	  vs	  pre-­‐op	   p	  vs	  6	  hours	  
Pre-­‐op	  
	  
0.18	  (0.13-­‐0.32)	  
n=24	  
-­‐	   0.092	  
6	  hours	  
	  
0.11	  (0.03-­‐0.23)	  
n=20	  
0.092	   -­‐	  
24	  hours	  
	  
0.16	  (0.07-­‐0.29)	  
n=21	  
0.426	   0.561	  
48	  hours	  
	  
0.18	  (0.06-­‐0.27)	  
n=20	  
0.437	   0.369	  
72	  hours	  
	  
0.10	  (0.06-­‐0.22)	  
n=23	  
0.050	   0.810	  
	  
Comparison	   of	   CD8	   cell	   counts	   between	   groups	   showed	   that	   there	   was	   no	   significant	  
difference	  at	  any	  time	  point	  (see	  Table	  3.117)	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Table	  3.117	  Median	  values	  (109/l)	  and	  interquartile	  ranges	  of	  perioperative	  CD8	  cell	  counts	  
Time	  point	  
	  
Standard	  group	  
Median	  CD8	  (IQR)	  
ERP	  group	  
Median	  CD8	  (IQR)	  
p	  value	  
Pre-­‐operative	  
	  
0.23	  (0.16-­‐0.30)	  n=24	   0.18	  (0.13-­‐0.32)	  n=24	   0.375	  
6	  hours	  
	  
0.09	  (0.07-­‐0.16)	  n=23	   0.11	  (0.03-­‐0.23)	  n=20	   0.714	  
24	  hours	  
	  
0.16	  (0.08-­‐0.22)	  n=22	   0.16	  (0.07-­‐0.29)	  n=21	   0.789	  
48	  hours	  
	  
0.13	  (0.11-­‐0.25)	  n=22	   0.18	  (0.06-­‐0.27)	  n=20	   0.860	  
72	  hours	  
	  
0.16	  (0.11-­‐0.20)	  n=23	   0.10	  (0.06-­‐0.22)	  n=23	   0.097	  
	  
Table	  3.118	  displays	  the	  results	  of	  the	  linear	  modelling	  analysis	  conducted	  for	  perioperative	  
CD8	  cell	  counts.	  
Table	  3.118	  Summary	  of	  main	  effects	  of	  factors	  on	  CD8	  
Factor	  
	  
CD8	  at	  6	  hours	  
Sig.	  
CD8	  at	  24	  hours	  
Sig.	  
CD8	  at	  48	  hours	  
Sig.	  
CD8	  at	  72	  hours	  
Sig.	  
Group	   0.276	   0.275	   0.638	   0.035	  
Preoperative	  
chemotherapy	  
0.037	   -­‐	   -­‐	   -­‐	  
Size	  of	  
resection	  
-­‐	   -­‐	   -­‐	   -­‐	  
Age	   0.032	   0.038	   -­‐	   0.005	  
Operative	  
severity	  score	  	  
-­‐	   -­‐	   -­‐	   -­‐	  
Weight	  of	  
specimen	  
-­‐	   -­‐	   -­‐	   -­‐	  
Preoperative	  
CD8	  
0.010	   0.003	   <0.001	   <0.001	  
	  
There	  was	   a	   positive	   correlation	   between	   preoperative	   CD8	   and	   CD8	   at	   6,	   24,	   48	   and	   72	  
hours.	  	  Correlation	  coefficients	  are	  displayed	  in	  Table	  3.119.	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Table	   3.119	   Correlation	   coefficients	   for	   log	   preoperative	   CD8	   with	   log	   CD8	   numbers	   at	  
subsequent	  time	  points	  
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   0.35	   0.021	  
24	  hours	   0.45	   0.0025	  
48	  hours	   0.56	   0.00012	  
72	  hours	   0.60	   0.000011	  
	  
At	  6	  hours	  subjects	  who	  had	  received	  preoperative	  chemotherapy	  had	  a	  significantly	  higher	  
CD8	   count	   than	   those	   who	   had	   not	   (see	   Table	   3.120).	   There	   was	   no	   difference	   at	  
subsequent	  time	  points.	  
Table	   3.120	   Mean	   CD8	   counts	   at	   6	   hours	   for	   patients	   who	   received	   preoperative	  
chemotherapy	  versus	  those	  who	  did	  not.	  
	   Preoperative	  
chemotherapy	  
No	  preoperative	  
chemotherapy	  
Mean	   CD8	   at	   6	   hours	   (95%	  
confidence	  interval)	  
0.117	  (0.085	  –	  0.162)	   0.062	  (0.038	  –	  0.100)	  
	  
Linear	  modelling	  suggested	  that	  age	  had	  a	  significant	  effect	  on	  CD8	  count	  at	  six,	  24	  and	  72	  
hours.	   Further	   analysis	   of	   the	   data	   for	   these	   time	   points	   revealed	   that	   it	   was	   a	   non-­‐
significant	  negative	  correlation	  (Table	  3.121)	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Table	  3.121	  Correlation	  coefficients	  for	  age	  and	  CD8	  count	  6,	  48	  and	  72	  hours.	  
Time	   Correlation	  coefficient,	  r	   p	  
6	  hours	   -­‐0.17	   0.28	  
24hours	   -­‐0.27	   0.08	  
72	  hours	   -­‐0.09	   0.55	  
Finally,	  at	  72	  hours	  there	  was	  a	  significant	  difference	  in	  CD8	  between	  groups	  (p=0.035;	  see	  
Table	  3.122).	  CD8	  counts	  were	  not	  significantly	  different	  between	  groups	  at	  any	  other	  time	  
point.	  
Table	  3.122	  Mean	  CD8	  counts	  at	  72	  hours	  for	  both	  groups.	  
	   Standard	  group	   Enhanced	  group	  
Mean	   CD8	   at	   72	   hours	   (95%	  
confidence	  interval)	  
0.161	  (0.131	  –	  0.198)	   0.116	  (0.063	  –	  0.143)	  
	  
3.5.8.1	  	  Summary	  of	  findings	  
In	  the	  control	  group	  CD8	  counts	  fell	  significantly	  from	  the	  preoperative	  value	  too	  the	  value	  
at	  six	  hours.	  CD8	  count	  then	  began	  to	  rise	  and	  by	  48	  hours	  had	  returned	  to	  the	  preoperative	  
level.	   In	   the	   ERP	   group	   there	   was	   no	   significant	   change	   in	   CD8	   count	   across	   the	   entire	  
sampling	  period.	  	  
Initial	  comparison	  between	  groups	  showed	  that	  there	  was	  no	  significant	  difference	   in	  CD8	  
count	  at	  any	  time	  point.	  The	  results	  of	  the	  linear	  modelling	  analysis	  revealed	  CD8	  counts	  to	  
be	  significantly	  higher	  in	  the	  control	  group	  at	  72	  hours	  (p=0.035).	  
	  
	  
200	  
At	   six	   hours	   there	   patients	   in	   both	   groups	  who	   had	   received	   preoperative	   chemotherapy	  
were	   found	   to	   have	   a	   significantly	   higher	   CD8	   count	   than	   those	   who	   had	   not	   (p=0.037),	  
however	  this	  effect	  was	  not	  seen	  at	  any	  other	  time	  point.	  
Preoperative	  CD8	  cell	  counts	  were	  positively	  correlated	  with	  CD8	  cell	  counts	  at	  24,	  48	  and	  
72	  hours.	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3.6	   Morbidity	  data	  
3.6.1	   Postoperative	  morbidity	  survey	  (POMS)	  data	  
The	  principal	  method	  of	  detecting	  and	  describing	  postoperative	  morbidity	  in	  this	  study	  was	  
through	   use	   of	   the	   POMS	   conducted	   on	   days	   three,	   five,	   eight	   and	   15	   postoperatively.	  	  
POMS	   covers	   nine	   domains	   of	   postoperative	   morbidity	   and	   data	   are	   collected	   from	  
observation	  charts,	  medication	  charts,	  routine	  blood	  test	  results	  and	  direct	  questioning	  and	  
observation	  of	  the	  patient.	  	  
In	   total	   12	   subjects	   in	   the	   control	   group	   were	   identified	   as	   having	   had	   postoperative	  
morbidity	  compared	  with	  six	  in	  the	  ERP	  group	  (see	  Table	  3.123	  and	  Figure	  3.43).	  
Table	  3.123	  Number	  of	  patients	  with	  POMS-­‐defined	  morbidity	  in	  each	  group	  
	   Standard	  group	  
(n=45)	  
ERP	  group	  
(n=46)	  
p	  value	  
(Chi-­‐squared	  test)	  
POMS-­‐defined	  
morbidity	  	  
12	  
	  
6	  	  
	  
	  
p=0.121	  
	  
	  
No	  POMS-­‐defined	  
morbidity	  
33	   40	  
	  
The	  incidence	  of	  POMS-­‐defined	  morbidity	  in	  the	  control	  group	  was	  therefore	  26.7%	  versus	  
13%	  in	  the	  ERP	  group.	  This	  difference	  was	  not	  significant	  (p=0.121).	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Figure	  3.43	  Number	  of	  patients	  with	  POMS-­‐defined	  morbidity	  in	  each	  group	  
These	  figures	  for	  incidence	  represent	  the	  number	  of	  patients	  in	  each	  group	  that	  had	  a	  post-­‐
operative	   complication.	   However	   a	   number	   of	   patients	   had	  more	   than	   one	   complication	  
(see	  Table	  3.124	  and	  Figure	  3.44)	  
Table	  3.124	  Number	  of	  patients	  in	  each	  group	  with	  one	  or	  more	  POMS-­‐defined	  complication	  
Number	  of	  POMS-­‐
defined	  complications	  
Standard	  group	  
(n=45)	  
ERP	  group	  
(n=46)	  
1	   3	   4	  
2	   5	   1	  
3	   2	   0	  
4	   0	   1	  
6	   1	   0	  
7	   1	   0	  
	  
	  
203	  
	  
Figure	  3.44	  Number	  of	  patients	  in	  each	  group	  with	  one	  or	  more	  POMS-­‐defined	  complication	  
This	   suggests	   that	   patients	   who	   developed	   one	   complication	   were	   at	   increased	   risk	   of	  
developing	  other	  complications	  when	  compared	  with	  those	  who	  did	  not	  develop	  any.	  	  The	  
incidence	  of	  patients	  having	  a	  single	  complication	  in	  the	  control	  group	  was	  no	  different	  from	  
that	   in	   the	   ERP	   group	   (6.7%	   versus	   8.7%,	   p=1.000).	   However,	   the	   incidence	   of	   patients	  
having	  multiple	   complications	  was	   significantly	   higher	   in	   the	   control	   group	   (20.0%	   versus	  
4.3%,	  p=0.027;	  (see	  Table	  3.125)	  
Table	   3.125	  Number	   of	   patients	   in	   each	   group	  with	   1	   POMS-­‐defined	   complication	   versus	  
those	  with	  more	  than	  one	  
Group	   Standard	  group	   ERP	  group	   p	  value	  	  
(Fisher’s	  Exact	  test)	  
1	  complication	   3	   4	   1.000	  
	   >1	  complication	   9	   2	   0.027	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POMS	   data	   were	   collected	   on	   days	   three,	   five,	   eight	   and	   15,	   with	   nine	   domains	   for	  
complications.	  	  The	  total	  numbers	  of	  POMS-­‐defined	  complications	  by	  domain	  is	  displayed	  in	  
Figure	   3.45.	   Statistical	   analysis	   is	   difficult	   as	   the	   numbers	   are	   very	   small	   and	   the	   some	  
subjects	   may	   be	   represented	   more	   than	   once	   (i.e.	   those	   with	   multiple	   complications).	  
However	   closer	   inspection	  of	   the	   figures	   suggest	   there	   is	   a	   clear	   trend	   towards	   a	   greater	  
number	   of	   complications	   in	   the	   control	   group	   (34	   versus	   10	   in	   the	   treatment	   group)	   in	  
particular	  in	  the	  infectious,	  gastrointestinal	  and	  cardiovascular	  domains.	  	  
Figure	  3.45	  Total	  number	  of	  POMS-­‐defined	  complications	  in	  each	  domain	  for	  both	  groups	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Figures	   3.46-­‐3.49	   show	   how	   complications	   were	   spread	   across	   domains	   for	   each	   group	  
separately	   for	   days	   three,	   five,	   eight	   and	   15.	   On	   days	   three	   and	   five	   there	   were	   similar	  
number	  of	   complications	   in	  both	  groups	   (Day	   three:	   ten	  and	  six;	   control	   vs	  ERP.	  Day	   five:	  
eight	  and	  three).	  On	  day	  eight	  there	  were	  11	  recorded	  complications	   in	  the	  control	  group	  
versus	   zero	   in	   the	   treatment	   group	   and	   on	   day	   15	   there	   were	   five	   complications	   in	   the	  
control	  group	  versus	  one	  in	  the	  ERP	  group.	  
	  
	  
Figures	   3.46,	   3.47,	   3.48	   and	   3.49	   Number	   of	   POMS-­‐defined	   complications	   by	   domain	   for	  
both	  groups	  on	  days	  three,	  five,	  eight,	  and	  fifteen	  respectively.	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3.6.2	   Conventional	  morbidity	  data	  
Although	  POMS	  has	  been	  validated	  and	  used	  to	  describe	  morbidity	  after	  major	  surgery,	   it	  
has	  not	  been	  used	  following	  liver	  resection	  surgery,	  a	  field	  in	  which	  a	  number	  of	  procedure-­‐
specific	   complications	   make	   up	   a	   significant	   proportion	   of	   the	   morbidity.	   As	   discussed	  
earlier,	   methods	   of	   detecting	   and	   reporting	   postoperative	   morbidity	   are	   varied	   -­‐	   often	  
leading	   to	   difficulties	   in	   comparing	   results	   between	   centres/countries.	   	   Traditionally	   in	  
surgical	   journals	   morbidity	   has	   been	   reported	   in	   the	   format	   of	   a	   list	   of	   complications	  
alongside	  the	  incidence	  of	  each.	  More	  recently	  grading	  systems	  have	  been	  developed	  to	  try	  
and	   quantify	   each	   of	   the	   complications	   in	   terms	   of	   their	   severity/impact	   upon	   outcome,	  
thereby	  ensuring	  like	  is	  compared	  with	  like.	  In	  liver	  surgery	  one	  such	  classification	  system	  is	  
the	  Clavien-­‐Dindo	   system	  which	   grades	   complications	   in	   order	   of	   severity,	   determined	  by	  
the	   treatment/intervention	   they	   required.	   Therefore,	   the	  morbidity	   data	   from	   this	   trial	   is	  
shown	  firstly	  in	  conventional	  ‘list	  form’	  then	  using	  the	  Clavien-­‐Dindo	  classification	  system.	  
Table	  3.126	  lists	  all	  the	  postoperative	  complications	  that	  occurred	  in	  both	  groups	  along	  with	  
the	  number	  of	  each	  of	  them.	  In	  total	  there	  28	  complications	  in	  the	  control	  group,	  involving	  
14	  different	  patients,	  compared	  with	  14	  in	  the	  ERP	  group	  amongst	  eight	  different	  patients.	  
The	  incidence	  of	  patients	  with	  complications	  in	  the	  control	  group	  was	  31.1%	  compared	  with	  
17.4%	  in	  the	  ERP	  group.	  This	  was	  not	  significantly	  different	  (p=0.126)	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Table	  3.126	  Postoperative	  complications	  &	  morbidity,	  p	  =0.126	  (Chi-­‐squared	  test)	  
Morbidity	   Standard	  Group	   ERP	  Group	  
Abdominal	  
Collection/Infection	  
3	   2	  
Arrhythmia	  	   3	   1	  
Bile	  Leak	   3	   3	  
Biliary	  Stricture	   0	   1	  
Chest	  Infection	  /	  Pneumonia	   5	   1	  
Delirium	   0	   1	  
GI	  Bleed	   1	   0	  
Hypotension	   2	   0	  
Incarcerated	  port-­‐site	  hernia	   0	   1	  
Perforated	  diverticulum	   1	   0	  
Pleural	  Effusion	   1	   0	  
Postoperative	  Ileus	   3	   0	  
Thromboembolic	  disease	   1	   0	  
Urinary	  tract	  infection	   1	   0	  
Wound	  
Dehiscence/infection	  
2	   0	  
Transient	  hepatic	  
insufficiency	  
1	   3	  
Liver	  failure	   1	   1	  
Total	  Complications	   28	   14	  
No.	  of	  patients	  with	  
complications	  
14	  (31.1%)	   8	  (17.4%)	  
	  
Reporting	   morbidity	   this	   way	   identified	   two	   participants	   in	   each	   group	   that	   had	  
complications	  that	  had	  not	  been	  identified	  using	  POMS.	  Of	  these,	  three	  were	  patients	  with	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bile	  leaks	  (two	  in	  the	  standard	  group	  and	  one	  in	  the	  ERP	  group)	  and	  one	  patient	  in	  the	  ERP	  
group	  with	  hepatic	   insufficiency.	  The	  bile	   leak	  patients	  were	   identified	  by	   the	  presence	  of	  
bile	  in	  their	  abdominal	  drains	  and	  were	  managed	  conservatively	  (the	  bile	  leaks	  resolved	  with	  
time),	   hence	   they	   did	   not	   trigger	   any	   of	   the	   POMS	   criteria.	   The	   hepatic	   insufficiency	  was	  
again	  managed	  conservatively	  and	  resolved	  over	  time	  without	  triggering	  POMS.	  All	  of	  these	  
patients	  required	  extended	  stays	  in	  hospital	  due	  to	  their	  complications.	  
Dividing	   up	   the	   complications	   into	   ‘liver	   surgery-­‐specific	   complications’	   and	   ‘general	  
postoperative	   complications’	   produced	   the	   following	   results.	   	   Table	   3.127	   shows	   the	  
number	   and	   type	   of	   liver	   surgery-­‐specific	   complications.	   In	   six	   patients	   there	   were	   eight	  
complications	   in	   in	   the	   control	   group	   versus	   10	   complications	   in	   seven	   patients	   in	   the	  
treatment	  group.	  The	  incidence	  of	   liver	  surgery-­‐specific	  complications	  in	  the	  control	  group	  
was	  11.1%	  versus	  15.2%	  in	  the	  ERP	  group.	  This	  was	  not	  significantly	  different	  (p=1.000).	  
Table	  3.127	  Liver	  surgery-­‐specific	  complications	  
Morbidity	   Standard	  group	   ERP	  group	  
p-­‐value	  
	  (Chi-­‐squared	  test)	  
Abdominal	  
Collection/Infection	  
3	   2	  
	  
Bile	  Leak	   3	   3	   	  
Biliary	  Stricture	   0	   1	   	  
Transient	  hepatic	  
insufficiency	  
1	   3	  
	  
Liver	  failure	   1	   1	   	  
Total	  complications	   8	   10	   	  
Total	  no	  of	  patients	   6	   7	  	   1.000	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Table	   3.128	   shows	   the	   number	   and	   type	   of	   general	   postoperative	   complications	   that	  
occurred	   in	  both	  groups.	   In	   the	   control	   group	   there	  were	  20	   complications	   in	  12	  patients	  
compared	   with	   four	   complications	   in	   three	   patients	   in	   the	   ERP	   group.	   Therefore	   the	  
incidence	   of	   general	   complications	   was	   significantly	   higher	   in	   the	   control	   group	   (26.7%	  
versus	  6.5%	  in	  the	  treatment	  group,	  p=0.010).	  	  
Table	  3.128	  Number	  and	  type	  of	  general	  postoperative	  complications	  in	  both	  groups	  
Morbidity	   Standard	  group	   ERP	  group	  
p-­‐value	  	  
(Chi-­‐squared	  test)	  
Arrhythmia	   3	   1	   	  
Chest	  Infection	  /	  
Pneumonia	  
5	   1	   	  
Delirium	   0	   1	   	  
GI	  Bleed	   1	   0	   	  
Hypotension	   2	   0	   	  
Incarcerated	  port-­‐site	  
hernia	  
0	   1	   	  
Perforated	  diverticulum	   1	   0	   	  
Pleural	  Effusion	   1	   0	   	  
Postoperative	  Ileus	   3	   0	   	  
Thromboembolic	  
disease	  
1	   0	   	  
Urinary	  tract	  infection	   1	   0	   	  
Wound	  
Dehiscence/infection	  
2	   0	   	  
Total	  Complications	   20	   4	   	  
No.	  of	  patients	  with	  
complications	  
12	  	   3	  	   0.010	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Figure	  3.50	  shows	  the	  distribution	  of	  general	  postoperative	  complications	  between	  groups.	  
As	  with	   the	  POMS	  data	   the	  numbers	   in	  each	  category	  are	  small	  with	  some	  subjects	  being	  
represented	   in	  more	   than	   one	   category.	   This	  makes	  meaningful	   statistical	   comparison	   of	  
individual	   complication	   types	   between	   groups	   extremely	   difficult	   but,	   as	   with	   the	   POMS,	  
there	   is	   a	   clear	   trend	   towards	   more	   complications	   in	   the	   control	   group,	   with	   infectious	  
complications,	  pneumonia,	   ileus	  and	  cardiovascular	   complications	  all	  higher	   in	   the	  control	  
group.	  
	  
Figure	  3.50	  General	  postoperative	  complications	  in	  both	  groups	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3.6.3	   Clavien-­‐Dindo	  classification	  
Table	  3.129	  shows	  the	  liver	  surgery-­‐specific	  complications	  classified	  using	  the	  Clavien-­‐Dindo	  
system.	   	  Table	  3.130	  shows	  the	  number	  of	  patients	   in	  each	  group	  that	  had	  either	  a	  minor	  
(Clavien-­‐Dindo	  grade	  I)	  or	  major	  (Clavien-­‐Dindo	  grades	  II-­‐V)	  complication.	  Where	  a	  patient	  
suffered	  more	  than	  one	  complication,	  the	  highest	  grade	  has	  been	  taken.	  Of	  the	  six	  patients	  
suffering	   complications	   in	   the	   control	   group,	   two	  were	  minor	   and	   four	   were	  major.	   This	  
compared	   with	   two	   minor	   and	   five	   major	   in	   the	   ERP	   group.	   There	   was	   no	   significant	  
difference	  in	  the	  severity	  of	  liver	  surgery-­‐specific	  complications	  between	  groups	  (p=1.000)	  
Table	  3.129	  Clavien-­‐Dindo	  classification	  of	  liver	  surgery-­‐specific	  complications	  
Complication	  Grade	   Standard	  group	   ERP	  group	  
I	   1	   2	  
II	   1	   0	  
IIIa	   4	   4	  
IIIb	   0	   1	  
IVa	   1	   2	  
IVb	   0	   0	  
V	   1	   1	  
Total	   8	   10	  
	  
	  
Table	   3.130	   Patients	   with	   minor	   (grade	   I)	   and	   major	   (grade	   II-­‐V)	   liver	   surgery-­‐specific	  
complications	  for	  both	  groups	  
Grade	   Standard	  group	   ERP	  group	   p	  value	  	  
(Fisher’s	  Exact	  test)	  
I	   2	   2	   1.000	  
II	  -­‐	  V	   4	   5	   1.000	  
	  
Table	   3.131	   shows	   the	   general	   postoperative	   complications	   classified	   using	   the	   Clavien-­‐
Dindo	  system.	   	  Table	  3.132	  shows	  the	  number	  of	  patients	   in	  each	  group	  that	  had	  either	  a	  
minor	  (Clavien-­‐Dindo	  grade	  I)	  or	  major	  (Clavien-­‐Dindo	  grades	  II-­‐V)	  complication.	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Table	  3.131	  Clavien-­‐Dindo	  classification	  of	  general	  postoperative	  complications	  
Grade	   Standard	  group	   Enhanced	  group	  
I	   3	   0	  
II	   9	   3	  
IIIa	   2	   0	  
IIIb	   2	   1	  
IVa	   4	   0	  
IVb	   0	   0	  
V	   0	   0	  
Total	   20	   4	  
	  
There	  was	  no	  difference	  in	  the	  incidence	  of	  minor	  complications	  between	  groups	  (p=0.495).	  
However,	   11	   patients	   in	   the	   control	   group	   suffered	   at	   least	   one	   major	   complication	  
compared	   with	   three	   in	   the	   ERP	   group.	   The	   incidence	   of	   major	   general	   postoperative	  
complications	  was	  significantly	  higher	  in	  the	  control	  group	  –	  24.4%	  versus	  6.5%	  in	  the	  ERP	  
group	  (p=0.022).	  
Table	   3.132	   Patients	   with	   minor	   (grade	   I)	   and	   major	   (grade	   II-­‐V)	   general	   postoperative	  
complications	  for	  both	  groups	  
Grade	   Standard	  group	   Enhanced	  group	   p	  value	  	  
(Fisher’s	  Exact	  test)	  
I	   1	   0	   0.495	  
II	  -­‐	  V	   11	   3	   0.022	  
	  
	  
3.6.4	   Length	  of	  stay,	  readmissions	  and	  mortality	  
These	  variables	  were	  analysed	  as	  part	  of	  a	  piece	  of	  scientific	  research	  conducted	  by	  another	  
individual.	  As	  such,	  full	  analysis	  will	  not	  be	  presented	  here,	  although	  a	  summary	  of	  these	  is	  
pertinent	  to	  the	  interpretation	  of	  the	  results	  obtained	  from	  this	  study.	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Postoperative	  length	  of	  stay	  was	  significantly	  reduced	  in	  the	  ERP	  group	  compared	  with	  the	  
control	  group	  (median	  four	  days	  (IQR	  three	  –	  five	  days)	  versus	  seven	  days	  (IQR	  six	  –	  eight	  
days),	  p<0.001)	  
There	   was	   no	   difference	   in	   hospital	   readmissions	   between	   groups.	   There	   were	   two	  
readmissions	  in	  the	  ERP	  (both	  with	  abdominal	  collections)	  versus	  zero	  in	  the	  control	  group	  
(p=0.153).	  
There	   was	   no	   difference	   in	  mortality	   between	   groups	   with	   one	   death	   in	   each	   (p=0.987).	  
Both	   deaths	  were	   a	   result	   of	   postoperative	   small	   liver	   syndrome	   precipitating	   acute	   liver	  
failure.	  
	  
3.7	   Morbidity	  and	  the	  stress	  response	  
Using	  the	  results	  of	  the	  morbidity	  data	  the	  entire	  study	  population	  (91	  patients)	  was	  divided	  
into	  the	  following	  subsets:-­‐	  
-­‐ patients	  with	  and	  without	  postoperative	  morbidity	  
-­‐ patients	  with	  one	  or	  less	  and	  patients	  with	  two	  or	  more	  postoperative	  complications	  
-­‐ patients	   with	   a	   Clavien-­‐Dindo	   grade	   II-­‐V	   complication	   and	   patients	   with	   Clavien-­‐
Dindo	  complications	  grade	  I/no	  complications	  
	  
Stress	   response	  markers	  were	   then	  compared	  across	   the	  groups	   in	  each	  of	   these	  subsets.	  
Initial	  analysis	  of	  cytokine	  data	  across	  these	  groups	  showed	  no	  significant	  differences	  for	  IL-­‐
1β,	  IL-­‐4,	  GM-­‐CSF,	  TNF-­‐α,	  IFN-­‐γ	  or	  VEGF.	  	  In	  addition,	  analysis	  of	  insulin,	  glucose	  and	  cortisol	  
showed	   no	   significant	   difference	   between	   groups	   in	   each	   subset.	   Finally	   there	   was	   no	  
significant	   difference	   between	   the	   groups	   in	   each	   subset	   for	   any	   of	   the	   immunological	  
variables.	  Consequently,	  the	  results	  presented	  below	  concern	  IL-­‐6,	  IL-­‐8,	  IL-­‐10	  and	  CRP.	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3.7.1	   The	  stress	  response	  in	  patients	  with	  postoperative	  morbidity	  
In	  total	  22	  patients	  had	  postoperative	  morbidity	  and	  69	  patients	  did	  not.	  	  Perioperative	  IL-­‐6,	  
IL-­‐8,	   IL-­‐10	   and	   CRP	   levels	  were	   compared	   between	   these	   two	   groups	   and	   the	   results	   are	  
displayed	  below.	  
3.7.1.1	  	  IL-­‐6	  	  (Figure	  3.51	  and	  Table	  3.133)	  
	  
Figure	  3.51	  IL-­‐6	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  morbidity	  and	  
no	  morbidity	  groups.	  	  Median	  values	  and	  interquartile	  ranges	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Table	   3.133	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐6	  
concentrations	  
Time	   Morbidity	   No	  morbidity	   p	  value	  
Pre-­‐operative	   2.43	  (2.03–4.26)	  n=22	   2.19	  (1.71-­‐3.03)	  n=69	   0.050	  
6	  hours	   44.70	  (25.64-­‐76.92)	  n=21	   22.87	  (15.72-­‐39.17)	  n=69	   0.003	  
24	  hours	   34.30	  (17.12-­‐64.11)	  n=22	   27.39	  (15.11-­‐49.42)	  n=69	   0.254	  
48	  hours	  	   25.28	  (13.22-­‐46.58)	  n=21	   24.53	  (15.60-­‐43.93)	  n=66	   0.933	  
72	  hours	   16.78	  (8.72-­‐26.46)	  n=21	   9.03	  (5.87-­‐19.12)	  n=63	   0.088	  
	  
3.7.1.2	  	  IL-­‐8	  	  (Figure	  3.52	  and	  Table	  3.134)	  
	  
	  
Figure	  3.52	  IL-­‐8	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  morbidity	  and	  
no	  morbidity	  groups.	  	  Median	  values	  and	  interquartile	  ranges	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Table	   3.134	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐8	  
concentrations	  
Time	   Morbidity	   No	  morbidity	   p	  value	  
Pre-­‐operative	   13.00	  (10.46-­‐17.78)	  n=22	   11.74	  (9.95-­‐17.30)	  n=69	   0.550	  
6	  hours	   28.79	  (18.95-­‐44.93)	  n=21	   18.17	  (12.62-­‐28.53)	  n=69	   0.006	  
24	  hours	   19.49	  (13.99-­‐27.13)	  n=22	   17.46	  (12.52-­‐29.23)	  n=69	   0.633	  
48	  hours	  	   14.11	  (12.51-­‐29.08)	  n=21	   14.37	  (10.98-­‐27.12)	  n=64	   0.823	  
72	  hours	   14.36	  (12.50-­‐22.03)	  n=21	   13.36	  (9.95-­‐18.50)	  n=62	   0.110	  
	  
 
3.7.1.3	  	  IL-­‐10	  (Figure	  3.53	  and	  Table	  3.135)	  
	  
Figure	   3.53	   IL-­‐10	   concentration	   (pg/ml)	   as	   a	   function	   of	   postoperative	   time	   for	  morbidity	  
and	  no	  morbidity	  groups.	  	  Median	  values	  and	  interquartile	  ranges	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Table	   3.135	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐10	  
concentrations	  
Time	   Morbidity	   No	  morbidity	   p	  value	  
Pre-­‐operative	   1.35	  	  (1.05-­‐1.93)	  n=22	   1.14	  (0.88-­‐1.62)	  n=22	   0.033	  
6	  hours	   8.24	  (4.58-­‐15.65)	  n=21	   3.75	  (2.15-­‐5.64)	  n=21	   0.001	  
24	  hours	   4.41	  (3.47-­‐10.30)	  n=22	   3.81	  (2.50-­‐6.01)	  n=22	   0.055	  
48	  hours	  	   3.33	  (2.59-­‐4.68)	  n=21	   2.58	  (1.62-­‐3.56)	  n=21	   0.011	  
72	  hours	   2.63	  (1.96-­‐3.68)	  n=21	   1.72	  (1.23-­‐2.41)	  n=21	   0.001	  
	  
3.7.1.4	  	  CRP	  	  (Figure	  3.54	  and	  Table	  3.136)	  
	  
Figure	  3.54	  CRP	  concentration	  (mg/L)	  as	  a	  function	  of	  postoperative	  time	  for	  morbidity	  and	  
no	  morbidity	  groups.	  	  Median	  values	  and	  interquartile	  ranges	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Table	   3.136	   Median	   values	   (mg/l)	   and	   interquartile	   ranges	   of	   perioperative	   CRP	  
concentrations	  
Time	   Morbidity	   No	  morbidity	   p	  value	  
Pre-­‐operative	   0.1	  (0.1-­‐4.3)	  n=21	   0.1	  (0.1-­‐5.4)	  n=67	   0.422	  
6	  hours	   6.9	  (0.1-­‐10.9)	  n=21	   8.5	  (3.8-­‐14.0)	  n=67	   0.235	  
24	  hours	   52	  (43.0-­‐85.0)	  n=21	   74	  (55.0-­‐98.0)	  n=67	   0.026	  
48	  hours	  	   93	  (56.5-­‐132.5)	  n=21	   117	  (78.0-­‐163.0)	  n=67	   0.032	  
72	  hours	   102	  (51.5-­‐132.0)	  n=21	   104.5	  (68.25-­‐160.5)	  n=64	   0.541	  
	  
3.7.1.5	  	  Summary	  of	  findings	  
Subjects	   that	   suffered	   at	   least	   one	   episode	   of	   postoperative	  morbidity	   had	   a	   significantly	  
higher	  IL-­‐6	  and	  IL-­‐8	  concentration	  at	  six	  hours	  postoperatively	  than	  those	  who	  did	  not	  suffer	  
any	  morbidity	  (p=0.003	  and	  p=	  0.006	  respectively).	  
IL-­‐10	   levels	   were	   significantly	   higher	   preoperatively	   and	   at	   six,	   48	   and	   72	   hours	   in	   those	  
patients	  who	  suffered	  postoperative	  morbidity	  compared	  with	  those	  who	  did	  not	  (p=0.033,	  
p=0.001,	  p=0.011,	  p=0.001	  respectively).	  
CRP	  levels	  were	  significantly	  higher	  at	  24	  and	  48	  hours	  in	  subjects	  who	  had	  no	  postoperative	  
morbidity	  compared	  with	  those	  who	  did	  (p=0.026	  and	  p=0.032	  respectively).	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3.7.2	   The	  stress	  response	  in	  patients	  with	  multiple	  postoperative	  complications	  
In	   total	   there	   were	   11	   patients	   with	   ‘multiple’	   morbidity	   i.e.	   suffered	   more	   than	   one	  
complication	  and	  80	  patients	  with	  one	  or	  zero	  complications.	  Perioperative	  IL-­‐6,	  IL-­‐8,	  IL-­‐10	  
and	   CRP	   levels	   were	   compared	   between	   these	   two	   groups	   and	   the	   results	   are	   displayed	  
below.	  
3.7.2.1	  	  IL-­‐6	  	  (Figure	  3.55	  and	  Table	  3.137)	  
	  
Figure	  3.55	  IL-­‐6	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  
more	   than	  one	   complication	   versus	   those	  with	  one	  or	   less	   complications.	   	  Median	   values	  
and	  interquartile	  ranges	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Table	   3.137	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐6	  
concentrations	  
Time	   >1	  complication	   ≤1	  complication	   p	  value	  
Pre-­‐operative	   3.12	  (2.41-­‐5.87)	  n=11	   2.19	  (1.71-­‐3.03)	  n=80	   0.057	  
6	  hours	   48.91	  (22.20-­‐97.51)	  n=11	   25.28	  (16.45-­‐43.82)	  n=79	   0.030	  
24	  hours	   26.84	  (16.61-­‐39.65)	  n=11	   33.95	  (15.84-­‐57.70)	  n=80	   0.689	  
48	  hours	  	   19.69	  (9.30-­‐27.11)	  n=11	   24.78	  (15.88-­‐44.26)	  n=76	   0.376	  
72	  hours	   10.07	  (5.25-­‐16.78)	  n=11	   12.43	  (6.05-­‐20.50)	  n=73	   0.266	  
	  
3.7.2.2	  	  IL8	  	  (Figure	  3.56	  and	  Table	  3.138)	  
	  
Figure	  3.56	  IL-­‐8	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  
more	   than	  one	   complication	   versus	   those	  with	  one	  or	   less	   complications.	   	  Median	   values	  
and	  interquartile	  ranges	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Table	   3.138	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐8	  
concentrations	  
Time	   >1	  complication	   ≤1	  complication	   p	  value	  
Pre-­‐operative	   11.29	  (9.58-­‐16.78)	  n=11	   12.07	  (10.07-­‐17.73)	  n=80	   0.491	  
6	  hours	   34.12	  (14.57-­‐44.70)	  n=11	   19.89	  (13.09-­‐29.67)	  n=78	   0.024	  
24	  hours	   14.92	  (11.49-­‐25.79)	  n=11	   19.20	  (12.66-­‐29.67)	  n=80	   0.907	  
48	  hours	  	   12.83	  (9.94-­‐14.87)	  n=11	   14.37	  (11.27-­‐28.08)	  n=76	   0.897	  
72	  hours	   12.75	  (10.68-­‐14.01)	  n=11	   13.82	  (10.98-­‐19.30)	  n=73	   0.115	  
	  
3.7.2.3	  	  IL-­‐10	  	  (Figure	  3.57	  and	  Table	  3.139)	  
	  
Figure	  3.57	  IL-­‐10	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  
more	   than	  one	   complication	   versus	   those	  with	  one	  or	   less	   complications.	   	  Median	   values	  
and	  interquartile	  ranges	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Table	   3.139	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐10	  
concentrations	  
Time	   >1	  complication	   ≤1	  complication	   p	  value	  
Pre-­‐operative	   1.53	  (1.29-­‐2.31)	  n=11	   1.14	  (0.88-­‐1.58)	  n=80	   0.063	  
6	  hours	   9.39	  (5.51-­‐20.29)	  n=11	   3.96	  (2.26-­‐5.98)	  n=78	   0.001	  
24	  hours	   6.86	  (3.64-­‐10.54)	  n=11	   3.84	  (2.59-­‐5.87)	  n=80	   0.051	  
48	  hours	  	   3.97	  (3.09-­‐4.73)	  n=11	   2.59	  (1.64-­‐3.63)	  n=76	   0.036	  
72	  hours	   3.09	  (2.14-­‐3.97)	  n=11	   1.76	  (1.34-­‐2.43)	  n=73	   0.002	  
	  
3.7.2.4	  	  CRP	  	  (Figure	  3.58	  and	  Table	  3.140)	  
	  
Figure	  3.58	  CRP	  concentration	  (mg/L)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  
more	   than	  one	   complication	   versus	   those	  with	  one	  or	   less	   complications.	   	  Median	   values	  
and	  interquartile	  ranges	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Table	   3.140	   Median	   values	   (mg/l)	   and	   interquartile	   ranges	   of	   perioperative	   CRP	  
concentrations	  
Time	   >1	  complication	   ≤1	  complication	   p	  value	  
Pre-­‐operative	   0.1	  (0.1-­‐6.2)	  n=11	   0.1	  (0.1-­‐4.8)	  n=80	   0.266	  
6	  hours	   3.1	  (0.1-­‐10.9)	  n=11	   8.2	  (4.2-­‐13.3)	  n=80	   0.103	  
24	  hours	   47.0	  (36.0-­‐75.5)	  n=11	   72.0	  (54.0-­‐96.5)	  n=80	   0.012	  
48	  hours	  	   58.5	  (38.5-­‐86.5)	  n=11	   114.0	  (81.0-­‐157.0)	  n=78	   0.010	  
72	  hours	   75.5	  (40.5-­‐122.8)	  n=11	   107.0	  (73.0-­‐159.0)	  n=75	   0.468	  
	  
3.7.2.5	  	  Summary	  of	  findings	  
Subjects	   that	   suffered	  multiple	  postoperative	  morbidity	   (i.e.	  more	   than	  one	  postoperative	  
complication)	   had	   a	   significantly	   higher	   IL-­‐6	   and	   IL-­‐8	   concentration	   at	   six	   hours	  
postoperatively	   than	   those	   that	   did	   not	   (i.e.	   one	   or	   less	   complications)(p=0.030	   and	   p=	  
0.024	  respectively).	  
In	  addition,	   IL-­‐10	   levels	  were	   significantly	  higher	  at	   six,	  48	  and	  72	  hours	   in	   those	  patients	  
who	   suffered	   multiple	   morbidity	   compared	   with	   those	   who	   did	   not	   (p=0.001,	   p=0.036,	  
p=0.002	  respectively).	  
Finally,	   CRP	   levels	   were	   significantly	   higher	   at	   24	   and	   48	   hours	   in	   subjects	   who	   did	   not	  
suffered	   multiple	   postoperative	   morbidity	   compared	   with	   those	   who	   did	   (p=0.012	   and	  
p=0.010	  respectively).	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3.7.3	   The	  stress	  response	  in	  patients	  with	  major	  postoperative	  complications	  
There	  were	  19	  patients	  who	  suffered	  at	   least	  one	  ‘major’	  complication	  (i.e.	  a	  complication	  
of	  Clavien-­‐Dindo	  grade	  II	  –	  V)	  and	  72	  patients	  who	  either	  had	  no	  complications	  or	  a	  ‘minor’	  
Clavien-­‐Dindo	   grade	   I	   complication.	   Perioperative	   IL-­‐6,	   IL-­‐8,	   IL-­‐10	   and	   CRP	   levels	   were	  
compared	  between	  these	  two	  groups	  and	  the	  results	  are	  displayed	  below.	  
3.7.3.1	  	  IL-­‐6	  	  	  (Figure	  3.59	  and	  Table	  3.141)	  
	  
Figure	  3.59	  IL-­‐6	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  a	  
major	   postoperative	   complication	   versus	   those	   with	   a	   minor	   or	   no	   postoperative	  
complication.	  	  Median	  values	  and	  interquartile	  ranges	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Table	   3.141Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐6	  
concentrations	  
Time	   Grade	  II-­‐V	  complication	   <Grade	  II	  complication	   p	  value	  
Pre-­‐operative	   2.46	  (2.08-­‐4.54)	  n=19	   2.20	  (1.71-­‐3.03)	  n=72	   0.057	  
6	  hours	   34.12	  (23.05-­‐61.20)	  n=18	   24.29	  (16.08-­‐43.71)	  n=72	   0.030	  
24	  hours	   26.84	  (16.61-­‐62.80)	  n=19	   31.46	  15.49-­‐52.07)	  n=72	   0.689	  
48	  hours	  	   21.17	  (11.51-­‐42.01)	  n=18	   24.53	  (16.13-­‐44.26)	  n=69	   0.376	  
72	  hours	   13.77	  (7.62-­‐31.60)	  n=18	   9.30	  (5.87-­‐19.11)	  n=66	   0.266	  
	  
3.7.3.2	  	  IL-­‐8	  	  (Figure	  3.60	  and	  Table	  3.142)	  
	  
Figure	  3.60	  IL-­‐8	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  a	  
major	   postoperative	   complication	   versus	   those	   with	   a	   minor	   or	   no	   postoperative	  
complication.	  	  Median	  values	  and	  interquartile	  ranges	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Table	   3.142	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐8	  
concentrations	  
Time	   Grade	  II-­‐V	  complication	   <Grade	  II	  complication	   p	  value	  
Pre-­‐operative	   12.93	  (10.48-­‐18.73)	  n=19	   11.83	  (9.94-­‐17.29)	  n=72	   0.491	  
6	  hours	   30.79	  (17.27-­‐44.81)	  n=18	   18.17	  (12.84-­‐29.45)n=72	   0.024	  
24	  hours	   19.49	  (13.15-­‐26.58)	  n=19	   18.45	  (12.63-­‐29.60)	  n=72	   0.907	  
48	  hours	  	   13.98	  (11.90-­‐29.97)	  n=18	   14.38	  (10.99-­‐27.39)	  n=69	   0.897	  
72	  hours	   14.37	  (12.54-­‐24.13)	  n=18	   13.41	  (10.16-­‐17.91)	  n=66	   0.115	  
	  
3.7.3.3	  	  IL-­‐10	  	  (Figure	  3.61	  and	  Table	  3.143)	  
	  
Figure	  3.61	  IL-­‐10	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  
a	   major	   postoperative	   complication	   versus	   those	   with	   a	   minor	   or	   no	   postoperative	  
complication.	  	  Median	  values	  and	  interquartile	  ranges	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Table	   3.143	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐10	  
concentrations	  
Time	   Grade	  II-­‐V	  complication	   <Grade	  II	  complication	   p	  value	  
Pre-­‐operative	   1.32	  (1.05-­‐2.03)	  n=19	   1.14	  (0.88-­‐1.64)	  n=72	  	   0.063	  
6	  hours	   8.65	  (4.88-­‐15.61)	  n=18	   3.75	  (2.22-­‐5.73)	  n=72	   0.001	  
24	  hours	   4.44	  (3.53-­‐10.22)	  n=19	   3.74	  (2.58-­‐6.06)	  n=72	   0.051	  
48	  hours	  	   3.32	  (2.59-­‐4.65)	  n=18	   2.59	  (1.63-­‐3.66)	  n=69	   0.036	  
72	  hours	   2.64	  (1.93-­‐3.88)	  n=18	   1.75	  (1.28-­‐2.41)	  n=66	   0.002	  
	  
3.7.3.4	  	  CRP	  	  (Figure	  3.61	  and	  Table	  3.144)	  
	  
Figure	  3.61	  CRP	  concentration	  (mg/L)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  a	  
major	   postoperative	   complication	   versus	   those	   with	   a	   minor	   or	   no	   postoperative	  
complication.	  	  Median	  values	  and	  interquartile	  ranges	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Table	   3.144	   Median	   values	   (mg/l)	   and	   interquartile	   ranges	   of	   perioperative	   CRP	  
concentrations	  
Time	   Grade	  II-­‐V	  complication	   <Grade	  II	  complication	   p	  value	  
Pre-­‐operative	   0.1	  (0.1-­‐2.5)	  n=18	   0.3	  (0.1-­‐6.1)	  n=70	   0.266	  
6	  hours	   6.3	  (0.1-­‐10.4)	  n=18	   8.45	  (4.2-­‐14)n=70	   0.103	  
24	  hours	   50.5	  (41.5-­‐79.5)	  n=18	   73.5	  (55.0-­‐98.3)	  n=70	   0.012	  
48	  hours	  	   75	  (52.8-­‐126.3)	  n=18	   117.5	  (78.0-­‐164.0)	  n=70	   0.010	  
72	  hours	   101	  (46-­‐134.3)	  n=18	   105	  (69.0-­‐159.0)n=67	   0.468	  
	  
3.7.3.5	  	  Summary	  of	  findings	  
Patients	  who	  suffered	  a	  major	  postoperative	  complication	  (i.e.	  Clavien-­‐Dindo	  grade	  II-­‐V)	  had	  
a	  significantly	  higher	  IL-­‐6	  and	  IL-­‐8	  concentration	  at	  six	  hours	  postoperatively	  than	  those	  who	  
did	  not	  (i.e.	  Clavien-­‐Dindo	  grade	  I	  or	  no	  complications;	  p=0.030	  and	  p=	  0.024	  respectively).	  
IL-­‐10	  levels	  were	  significantly	  higher	  at	  six,	  48	  and	  72	  hours	  in	  those	  patients	  who	  suffered	  a	  
major	   complication	   compared	   with	   those	   who	   did	   not	   (p=0.001,	   p=0.036,	   p=0.002	  
respectively).	  
CRP	  levels	  were	  significantly	  higher	  at	  24	  and	  48	  hours	  in	  participants	  who	  did	  not	  suffer	  a	  
major	   postoperative	   complication	   compared	   with	   those	   who	   did	   (p=0.012	   and	   p=0.010	  
respectively).	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3.8	   Length	  of	  Stay	  (LOS)	  and	  the	  stress	  response	  
There	  were	  12	  patients	  with	  a	  LOS	  greater	  than	  10	  days.	  Perioperative	  IL-­‐6,	   IL-­‐8,	   IL-­‐10	  and	  
CRP	  levels	  were	  compared	  between	  the	  group	  of	  patients	  with	  a	  LOS	  greater	  than	  10	  days	  
and	   the	   group	   of	   patients	   with	   a	   LOS	   10	   days	   or	   less.	   The	   results	   of	   this	   analysis	   are	  
displayed	  below.	  
3.8.1	  	  IL-­‐6	  	  (Figure	  3.62	  and	  Table	  3.145)	  
	  
Figure	  3.62	  IL-­‐6	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  a	  
LOS	  more	   than	   10	   days	   versus	   those	  with	   a	   LOS	   less	   than	   or	   equal	   to	   10	   days.	   	  Median	  
values	  and	  interquartile	  ranges	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Table	   3.145	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐6	  
concentrations	  
Time	   LOS	  >	  10	  days	   LOS	  ≤	  10	  days	   p	  value	  
Pre-­‐operative	   2.90	  (2.20-­‐5.53)	  n=12	   2.22	  (1.71-­‐3.03)	  n=78	   0.065	  
6	  hours	   56.26	  (22.20-­‐86.49)	  n=11	   25.03	  (16.32-­‐42.42)	  n=78	   0.019	  
24	  hours	   30.83	  (17.03-­‐64.81)	  n=12	   28.09	  (15.22-­‐51.29)	  n=78	   0.510	  
48	  hours	  	   21.11	  (11.11-­‐47.73)	  n=12	   24.53	  (15.60-­‐43.93)	  n=74	   0.489	  
72	  hours	   15.19	  (8.44-­‐26.92)	  n=12	   10.07	  (5.87-­‐19.11)	  n=71	   0.236	  
	  
3.8.2	  	  IL-­‐8	  	  (Figure	  3.63	  and	  Table	  3.146)
	  
Figure	  3.63	  IL-­‐8	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  a	  
LOS	  more	   than	   10	   days	   versus	   those	  with	   a	   LOS	   less	   than	   or	   equal	   to	   10	   days.	   	  Median	  
values	  and	  interquartile	  ranges	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Table	   3.146	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐8	  
concentrations	  
Time	   LOS	  >	  10	  days	   LOS	  ≤	  10	  days	   p	  value	  
Pre-­‐operative	   15.74	  (12.95-­‐19.45)	  n=12	   11.71	  (9.84-­‐16.65)	  n=78	   0.014	  
6	  hours	   40.85	  (23.10-­‐49.90)	  n=11	   18.17	  (13.06-­‐29.01)	  n=78	   0.010	  
24	  hours	   20.52	  (14.43-­‐28.24)	  n=12	   17.91	  (12.38-­‐27.87)	  n=78	   0.370	  
48	  hours	  	   13.16	  (10.52-­‐17.83)	  n=12	   14.37	  (11.04-­‐27.80)	  n=74	   0.357	  
72	  hours	   14.19	  (13.08-­‐22.80)	  n=12	   13.36	  (10.50-­‐18.50)	  n=71	   0.123	  
	  
3.8.3	  	  IL-­‐10	  	  (Figure	  3.64	  and	  Table	  3.147)	  
Figure	  3.64	  IL-­‐10	  concentration	  (pg/ml)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  
a	  LOS	  more	   than	  10	  days	  versus	   those	  with	  a	  LOS	   less	   than	  or	  equal	   to	  10	  days.	   	  Median	  
values	  and	  interquartile	  ranges	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Table	   3.147	   Median	   values	   (pg/ml)	   and	   interquartile	   ranges	   of	   perioperative	   IL-­‐10	  
concentrations	  
Time	   LOS	  >	  10	  days	   LOS	  ≤	  10	  days	   p	  value	  
Pre-­‐operative	   1.71	  (1.31-­‐2.29)	  n=12	   1.14	  (0.88-­‐1.58)	  n=78	   0.005	  
6	  hours	   9.39	  (5.55-­‐20.29)	  n=11	   3.96	  (2.25-­‐5.85)	  n=78	   <0.001	  
24	  hours	   4.53	  (3.55-­‐10.27)	  n=12	   3.74	  (2.63-­‐5.99)	  n=78	   0.126	  
48	  hours	  	   3.34	  (2.71-­‐4.34)	  n=12	   2.59	  (1.66-­‐3.66)	  n=74	   0.043	  
72	  hours	   3.26	  (1.53-­‐3.94)	  n=12	   1.76	  (1.37-­‐2.42)	  n=71	   0.016	  
	  
3.8.4	  	  CRP	  	  (Figure	  3.65	  and	  Table	  3.148)	  
Figure	  3.65	  CRP	  concentration	  (mg/l)	  as	  a	  function	  of	  postoperative	  time	  for	  subjects	  with	  a	  
LOS	  more	   than	   10	   days	   versus	   those	  with	   a	   LOS	   less	   than	   or	   equal	   to	   10	   days.	   	  Median	  
values	  and	  interquartile	  ranges	  
0
20
40
60
80
100
120
140
Pre*op 6-hours 24-hours 48-hours 72-hours
LOS->10-days
LOS-≤10-days
CR
P-
co
nc
en
tr
at
io
n-
(m
g/
L)
Time
	  
	  
233	  
Table	   3.148	   Median	   values	   (mg/l)	   and	   interquartile	   ranges	   of	   perioperative	   CRP	  
concentrations	  
Time	   LOS	  >	  10	  days	   LOS	  ≤	  10	  days	   p	  value	  
Pre-­‐operative	   0.5	  (0.1-­‐19.0)	  n=11	   0.1	  (0.0-­‐4.5)	  n=76	   0.520	  
6	  hours	   7.9	  (0.1-­‐17.0)	  n=11	   8.2	  (3.5-­‐13.0)	  n=76	   0.797	  
24	  hours	   52.0	  (44.0-­‐67.0)	  n=11	   73.5	  (54.0-­‐98.8)	  n=76	   0.040	  
48	  hours	  	   68	  (57.0-­‐123.0)	  n=11	   113.0	  (77.3-­‐154.5)	  n=76	   0.064	  
72	  hours	   101.0	  (47.0-­‐135.0)	  n=11	   105.0	  (68.0-­‐155.5)	  n=73	   0.921	  
	  
3.8.5	  	  Summary	  of	  findings	  
Patients	  who	  had	  an	  LOS	  greater	  than	  10	  days	  had	  a	  significantly	  higher	  IL-­‐6	  concentration	  
at	  six	  hours	  postoperatively	  than	  those	  with	  an	  LOS	  10	  days	  or	  less	  (p=0.019).	  
Patients	  who	  had	  an	  LOS	  greater	  than	  10	  days	  also	  had	  significantly	  higher	  IL-­‐8	  levels	  both	  
preoperatively	  and	  at	  six	  hours	  than	  those	  with	  an	  LOS	  10	  days	  or	  less	  (p=0.014	  and	  p=0.010	  
respectively).	  
IL-­‐10	   levels	   were	   significantly	   higher	   preoperatively	   and	   at	   six,	   48	   and	   72	   hours	   in	   those	  
patients	   who	   stayed	   more	   than	   10	   days	   compared	   with	   those	   who	   did	   not	   (p=0.005,	  
<p=0.001,	  p=0.043,	  p=0.016	  respectively).	  
CRP	   levels	  were	  significantly	  higher	  at	  24	  hours	   in	  participants	  who	  stayed	  10	  days	  or	   less	  
compared	  with	  those	  whose	  LOS	  was	  greater	  than	  10	  days	  (p=0.040).	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Discussion	  
4.1	   Key	  Findings	  
This	   study	   compared	   an	   array	   of	   outcome	   variables	   in	   patients	   undergoing	   open	   liver	  
resection	   with	   an	   enhanced	   recovery	   programme	   versus	   patients	   having	   the	   same	  
procedure	  but	  with	  standard	  perioperative	  care.	  The	  key	  findings	  are:	  
• There	  was	  no	  significant	  difference	  in	  IL-­‐6	  response	  (the	  primary	  outcome	  measure)	  
between	  groups.	  
• There	   was	   no	   significant	   difference	   between	   groups	   for	   any	   of	   the	   cytokine	  
responses	  analysed	  (IL-­‐1β,	  IL-­‐4,	  IL-­‐8,	  IL-­‐10,	  GM-­‐CSF,	  TNF-­‐α,	  IFN-­‐γ,	  CRP,	  VEGF)	  	  
• Serum	  insulin	  levels	  were	  significantly	  higher	  in	  the	  ERP	  group	  at	  six,	  24	  and	  48	  hours	  
postoperatively	  
• Plasma	   glucose	   levels	  were	   significantly	   higher	   in	   the	   ERP	   group	   at	   six,	   24	   and	   48	  
hours	  postoperatively	  
• Serum	   cortisol	   was	   significantly	   reduced	   in	   the	   ERP	   group	   at	   six	   hours	  
postoperatively	  
• There	  was	  no	  significant	  difference	  between	  groups	  for	  the	  immunological	  markers	  
white	   cell	   count,	   lymphocyte	   count,	  NK	   cell	   count,	  CD4	   cell	   count	  and	  HLA-­‐DR	  cell	  
count.	  
• Overall	  T	  cell	  counts	  (CD3)	  were	  significantly	  higher	  in	  the	  group	  receiving	  standard	  
perioperative	  care	  at	  48	  and	  72	  hours	  postoperatively.	  
• B	  cell	  counts	   (CD19)	  were	  significantly	  higher	   in	   the	  ERP	  group	  at	  six	  and	  48	  hours	  
postoperatively	  
• Patients	   undergoing	   an	   ERP	   had	   a	   significantly	   reduced	   incidence	   of	   general	  
postoperative	   complications	   and	   in	   particular	   a	   significantly	   reduced	   incidence	   of	  
	  
	  
235	  
‘major’	  complications	  (those	  which	  required	  active	  treatment)	  when	  compared	  with	  
patients	  receiving	  standard	  perioperative	  care.	  
• The	   IL-­‐6,	   IL-­‐8	   and	   IL-­‐10	   responses	   were	   significantly	   greater	   in	   patients	   who	  
developed	  postoperative	  complications	  compared	  with	  those	  who	  did	  not.	  
	  
4.2	   Critique	  	  
A	  common	  criticism	  of	   the	  existing	  evidence	   for	  enhanced	  recovery	   includes	  that	  many	  of	  
the	   trials	   have	  been	   small,	   not	   randomised	  or	   blinded,	  with	   control	   groups	   that	   in	   reality	  
represent	  sub-­‐standard	  care	  rather	  than	  current	  best	  practice	  (so-­‐called	  ‘lame	  duck’	  control	  
groups).	  In	  addition	  there	  has	  been	  criticism	  of	  the	  outcome	  variables	  used,	  in	  particular	  the	  
use	  of	  length	  of	  hospital	  stay	  which	  may	  be	  susceptible	  to	  a	  number	  of	  confounding	  factors	  
and	  bias.	  The	  primary	  aim	  of	   this	  study	  was	  to	   investigate	  the	   impact	  of	  a	  comprehensive	  
enhanced	  recovery	  programme	  on	  markers	  of	  the	  stress	  response	  in	  liver	  resection	  patients.	  
The	   prospective	   randomised	   controlled	   design	   was	   robust	   and	   the	   outcome	   variables	  
selected	   gave	   it	   the	   opportunity	   to	   thoroughly	   examine	   the	   inflammatory,	  metabolic	   and	  
immunological	  aspects	  of	  the	  stress	  response.	  	  	  In	  addition,	  the	  inclusion	  of	  morbidity	  data	  
in	   the	   analysis	   permitted	   an	   evaluation	   of	   how	   laboratory	   findings	   correlate	   with	   clinical	  
outcomes.	  	  Whilst	  overall	  the	  research	  question	  is	  valid,	  the	  study	  design	  is	  strong	  and	  the	  
outcome	  variables	  appropriate,	   there	  are	  a	  number	  of	  aspects	  of	   this	  study	  that	  might	  be	  
improved.	  
Powering	   the	   study	  –	   this	   could	  have	  been	   improved	   in	  a	  number	  of	  ways.	   Firstly,	   as	   this	  
study	   was	   conducted	   as	   a	   sub-­‐study	   of	   another	   trial	   it	   meant	   that	   it	   was	   necessary	   to	  
perform	   a	   post-­‐hoc	   power	   calculation.	   In	   addition,	   a	   review	   of	   all	   the	   available	   literature	  
regarding	  the	  IL-­‐6	  response	  in	  open	  liver	  surgery	  yielded	  a	  wide	  variety	  of	  results.	  This	  may	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have	   been	   due	   to	   a	   number	   of	   factors	   including	   differences	   in	   surgical	   technique,	  
perioperative	   care,	   patient	   factors,	   sampling	   schedule,	   laboratory	   methods	   (e.g.	  
improvements	   in	   sensitivity	   of	   assays	   over	   time),	   inter-­‐individual	   variation	   in	   cytokine	  
expression.	  Also	  much	  of	  the	  data	  came	  from	  very	  small,	  single-­‐centre	  case	  series	  or	  cohort	  
studies.	  Finally	  it	  was	  not	  possible	  to	  estimate	  what	  magnitude	  difference	  in	  IL-­‐6	  level	  would	  
correlate	   with	   a	   clinically	   significant	   change.	   Ultimately	   these	   factors	   made	   a	   correct	  
calculation	  of	  the	  power	  of	  this	  study	  challenging	  and	  in	  retrospect	  the	  best	  approach	  would	  
have	   been	   to	   conduct	   a	   pilot	   study	   in	   the	   first	   instance.	   Ideally	   if	   this	   study	   were	   to	   be	  
repeated	   it	   would	   be	   conducted	   as	   a	   primary	   study	   with	   data	   for	   the	   power	   calculation	  
coming	  from	  such	  a	  pilot	  study.	  	  
Patient	   selection	   –	   all	   patients	   attending	   RSCH	   for	   open	   liver	   resection	   were	   eligible	   for	  
inclusion	   in	   this	   study.	   However,	   this	   constituted	   a	   relatively	   heterogenous	   population,	  
which	   led	   to	   problems	  with	  matching	   the	   groups.	   In	   hindsight	   a	  more	   homogenous	   (and	  
therefore	  more	   readily	   comparable)	   group	  may	   have	   been	   obtained	   by	   introducing	  more	  
stringent	  inclusion/exclusion	  criteria.	  If	  the	  trial	  were	  to	  be	  repeated	  inclusion	  criteria	  would	  
be	   all	   patients	   attending	   RSCH	   for	   primary	   open	   resection	   of	   suspected	   colorectal	   cancer	  
liver	   metastases.	   Exclusion	   criteria	   would	   include	   any	   pathology	   other	   than	   that	   stated,	  
patients	   undergoing	   repeat	   resections	   and	   patients	   who	   had	   not	   received	   neoadjuvant	  
chemotherapy.	  	  
Matching	   of	   groups	   -­‐	   a	   major	   problem	   encountered	   was	   the	   failure	   of	   randomisation	   to	  
produce	  equally	  matched	  groups	  across	  all	  parameters.	  Whilst	  these	  potential	  confounders	  
were	  controlled	  for	  within	  the	  statistical	  analyses	  it	  would	  have	  been	  far	  preferable	  to	  have	  
had	  well-­‐matched	  groups	  in	  the	  first	  instance.	  As	  mentioned	  above,	  a	  repeat	  trial	  might	  be	  
improved	  by	  introducing	  different	  inclusion/exclusion	  criteria.	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Intention	  to	  treat	  –	  there	  were	  a	  number	  of	  participants	  who	  were	  randomised	  but	  did	  not	  
proceed	  to	  surgery.	  Also,	  there	  were	  a	  few	  participants	  who	  were	  found	  to	  be	  inoperable	  at	  
the	  time	  of	  surgery	  and	  were	  withdrawn	  from	  the	  study	  at	  that	  point.	  Ideally	  all	  participants	  
should	  have	  been	  included	  in	  an	  intention-­‐to-­‐treat	  analysis,	  however	  it	  is	  not	  sensible	  to	  test	  
subjects	  who	  have	  not	  undergone	  surgery	  for	  markers	  of	  their	  surgical	  stress	  response.	  
Outcome	  variables	   –	  using	  blood-­‐based	  markers	  of	   the	   stress	   response	   rather	   than	   solely	  
relying	  on	   clinical	  data	  adds	   to	   this	   study’s	   scientific	   credibility	   as	   such	  outcome	  variables	  
are	  far	  less	  vulnerable	  to	  accusations	  of	  observer	  bias	  emanating	  from	  the	  lack	  of	  blinding	  in	  
this	   trial.	   In	   addition	   the	   use	   of	   IL-­‐6	   is	   appropriate	   as	   it	   the	   most	   widely	   used	   cytokine	  
marker	  of	  the	  stress	  response.	  However	  a	  number	  of	  the	  other	  outcome	  variables	  (IL-­‐1β,	  IL-­‐
4,	  TNF-­‐α,	  IFN-­‐γ,	  VEGF)	  exhibited	  either	  a	  very	  flat	  or	  non-­‐detectable	  response	  and	  therefore	  
if	   the	   trial	  were	   to	   be	   repeated	   it	  would	   be	  worth	   considering	   not	   including	   these	   in	   the	  
panel	  of	  analytes.	  	  	  
Immunological	   variables	   –	   due	   to	   financial	   constraints	   only	   24	   participants	   in	   each	   group	  
had	   their	   samples	   analysed	   for	   the	   immunological	   variables.	   This	   is	   clearly	   unsatisfactory	  
and	  it	  would	  have	  been	  preferable	  to	  analyse	  all	  of	  samples	  for	  all	  the	  outcome	  variables.	  In	  
addition,	  rather	  than	  analyse	  cell	  counts	  to	  assess	  immune	  function	  it	  may	  have	  been	  more	  
valid	  to	  analyse	  samples	  for	  cell	  activity.	  
Despite	  these	  limitations,	  the	  study	  was	  well	  designed	  and	  well	  executed	  meaning,	  making	  it	  
possible	  to	  answer	  the	  original	  research	  question.	  The	  results	  make	  a	  valuable	  contribution	  
to	  the	  body	  of	  scientific	  evidence	  in	  both	  enhanced	  recovery	  and	  liver	  surgery	  and	  point	  the	  
way	   for	   future	   research.	   This	   study	   has	   demonstrated	   for	   the	   first	   time	   in	   a	   randomised	  
controlled	   trial	   how	   an	   enhanced	   recovery	   programme	   impacts	   upon	   the	   surgical	   stress	  
response	  and	  how	  this	  correlates	  to	  clinical	  outcomes.	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4.3	   Critique	  of	  the	  study	  and	  findings	  concerning	  the	  primary	  outcome,	  IL-­‐6	  
Originally	  developed	  for	  use	  in	  colorectal	  surgery,	  the	  main	  principle	  behind	  the	  enhanced	  
recovery	   approach	   was	   to	   introduce	   evidence-­‐based	   interventions	   into	   the	   perioperative	  
period	  which	  modified/reduced	  the	  surgical	  stress	  response	  thereby	  forming	  a	  pathway	  of	  
care	   that	   would	   improve	   patient	   outcomes.	   The	   evidence	   for	   the	   benefits	   of	   enhanced	  
recovery	   in	   colorectal	   surgery	   has	   been	   steadily	   increasing,	   with	   the	   most	   common	  
outcomes	  measured	  being	  length	  of	  hospital	  stay	  and	  postoperative	  morbidity	  (Walter	  et	  al,	  
2009:	  Wind	  et	  al,	  2006).	  In	  the	  UK	  this	  has	  led	  to	  the	  approach	  being	  endorsed	  by	  the	  NHS	  
QIPP	   and	   the	   DoH	   with	   the	   subsequent	   introduction	   of	   enhanced	   recovery	   programmes	  
(ERPs)	   for	  colorectal	  surgery	  across	  trusts	  nationally.	  There	  has	  also	  been	  great	   interest	   in	  
designing	   and	   implementing	   ERPs	   in	   other	   surgical	   specialties	   e.g.	   gynaecology,	  
orthopaedics;	  although	  robust	  evidence	  for	  similar	  benefits	  here	  is	  lacking	  (Lv	  et	  al,	  2010).	  	  
Khuri	   et	   al	   (2005)	   published	   research	   looking	   at	   the	   adverse	   impact	   of	   postoperative	  
complications	   on	   long-­‐term	   survival	   after	   major	   surgery.	   Prospective	   data	   on	   105,951	  
patients	  undergoing	  major	  surgery	  in	  the	  U.S.	  was	  used;	  they	  found	  that	  the	  most	  important	  
determinant	   of	   decreased	   postoperative	   survival	   was	   the	   occurrence,	   within	   30	   days	  
postoperatively,	   of	   a	   complication.	  Moreover,	   the	   reduction	   in	   overall	   survival	   in	   patients	  
suffering	  a	  complication	  was	  independent	  of	  preoperative	  patient	  risk.	  The	  inference	  is	  that	  
if	   the	   incidence	  of	  postoperative	   complications	   can	  be	   reduced,	   long-­‐term	  survival	  will	  be	  
increased.	   One	   of	   the	   benefits	   of	   an	   ERP	   is	   to	   reduce	   postoperative	   complications.	   Thus,	  
through	  using	  ERPs	  not	  only	   short-­‐term	  patient	  outcomes	  will	  be	   improved	  but	  also	   long-­‐
term	   survival	   rates	   increased,	   although	   to	   date	   there	   are	   no	   published	   studies	   looking	   at	  
enhanced	  recovery	  in	  the	  context	  of	  long-­‐term	  survival.	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More	  recently,	  in	  cancer	  surgery,	  it	  has	  been	  postulated	  that	  modifying	  the	  stress	  response	  
following	   surgery	  may	  have	  an	   impact	  on	   tumour	   recurrence,	  metastasis	  and	  disease-­‐free	  
survival	   time	   (Fawcett	  et	  al,	  2012).	   If	   this	   theory	   is	  correct	   it	  could	  mean	  that	  by	  using	  an	  
ERP	   for	   the	   surgical	   resection	   of	   the	   primary	   tumour	   it	   should	   be	   possible	   to	   reduce	   the	  
incidence	   of	   recurrence/metastasis	   and	   improve	   long-­‐term	   survival.	   However,	   there	   is	   no	  
published	  evidence	  to	  support	  this.	  
In	  addition,	  whilst	  some	  elements	  of	  enhanced	  recovery	  in	  isolation	  alter	  specific	  elements	  
of	  the	  stress	  response,	  research	  into	  the	  overall	  effect	  of	  ERP	  on	  stress	  response	  outcomes	  
is	  lacking.	  The	  only	  evidence	  available	  to	  date	  is	  a	  small	  study	  that	  measured	  stress	  response	  
and	  immune	  status	  variables	  in	  patients	  undergoing	  either	  open	  or	   laparoscopic	  colorectal	  
surgery	  and	  with	  either	   ‘standard	  care’	  or	  a	   ‘fast-­‐track	  protocol’	   (Veenhof	  et	  al;	  2012).	   	   It	  
found	  no	  significant	  difference	  between	  fast-­‐track	  or	  standard	  care	  outcomes.	  
In	   this	   randomized	   controlled	   trial	   a	   comprehensive	   ERP	  was	   compared	  with	   the	   existing	  
‘standard’	  perioperative	  care	   for	  patients	  undergoing	  open	   liver	  resection.	  As	  described	   in	  
section	   1.6	   the	   evidence	   for	   the	   use	   of	   ERPs	   in	   open	   liver	   resection	   is	   sparse,	   with	   no	  
previous	   RCTs	   published.	   The	   aims	   of	   this	   research	  were	   not	   only	   to	   investigate	  whether	  
enhanced	  recovery	  produces	  the	  same	  clinical	  benefits	  in	  the	  context	  of	  liver	  surgery	  that	  it	  
does	  in	  colorectal	  surgery,	  but	  also	  to	  investigate	  what	  is	  happening	  at	  a	  molecular	  level	  –	  
whether	  clinical	  benefits	  correlate	  with	  a	  reduction/modification	  of	  the	  stress	  response.	  
The	  primary	  objective	  of	   this	   study	  was	   to	  determine	   the	  effect	  of	   an	  enhanced	   recovery	  
programme	   on	   the	   surgical	   stress	   response	   following	   open	   liver	   resection.	   The	   primary	  
indicator	   of	   the	   stress	   response	   used	   was	   postoperative	   serum	   IL-­‐6	   concentration	   –	   a	  
cytokine	   commonly	   used	   by	   researchers	   to	   detail	   the	   magnitude	   of	   the	   surgical	   stress	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response	  (Desborough,	  2000).	  	  
Statistical	  analysis	  of	  the	  primary	  outcome	  data	  revealed	  that	  there	  was	  no	  difference	  in	  the	  
postoperative	  IL-­‐6	  response	  between	  groups,	   indicating	  that	  in	  this	  case	  the	  use	  of	  an	  ERP	  
had	  no	  effect	  on	  the	  magnitude	  of	  the	  surgical	  stress	  response.	  	  This	  is	  an	  interesting	  finding	  
considering	  the	  clinical	  outcomes	  in	  this	  RCT.	  	  Subjects	  in	  the	  ERP	  group	  had	  a	  significantly	  
reduced	   length	   of	   hospital	   stay	   	   (four	   days	   versus	   seven	   days	   in	   the	   standard	   group,	  
p<0.001)	  and	  a	  significant	  reduction	  in	  the	  incidence	  of	  general	  postoperative	  complications	  
(6.5%	   versus	   26.7%	   in	   the	   control	   group,	   p=0.010).	   There	   was	   no	   difference	   in	   hospital	  
readmissions	  or	  mortality.	  From	  these	  results	  enhanced	  recovery	  is	  efficacious	  in	  open	  liver	  
resection	   surgery,	   producing	  many	  of	   the	   same	  benefits	   seen	   in	   colorectal	   surgery.	  Given	  
this,	  it	  is	  perhaps	  surprising	  that	  we	  have	  not	  seen	  any	  reduction	  in	  the	  stress	  response.	  To	  
answer	  why	  this	  is	  there	  a	  number	  of	  factors	  we	  need	  to	  consider.	  
Firstly,	  there	  were	  a	  number	  of	  confounding	  factors	  that	  arose	  during	  the	  study	  that	  could	  
potentially	  have	   influenced	  the	  results.	  Comparison	  of	   the	   two	  groups	  showed	  that	  whilst	  
they	  were	  generally	  well-­‐matched	  there	  were	  a	  few	  areas	  where	  they	  differed	  significantly.	  	  
There	  were	  a	  greater	  number	  of	  patients	  undergoing	  resection	  for	  a	  malignant	  pathology	  in	  
the	  ERP	  group	  and	  consequently	  there	  were	  a	  greater	  number	  of	  patients	  in	  this	  group	  that	  
had	   received	   preoperative	   chemotherapy.	   Predicting	   how	   these	   factors	   might	   affect	   an	  
individual’s	   stress	   response	   in	   the	   context	   of	   this	   trial	   is	   difficult.	   It	   could	   be	   that	   the	  
immunosuppressive	   effects	   of	   chronic	   illness	   and	   chemotherapy	   reduce	   the	   ability	   of	   a	  
subject	   to	   generate	   a	   stress	   response	   causing	   an	   overall	   reduction	   in	   the	   response	  
compared	   with	   ‘normal’.	   Equally,	   patients	   with	   malignant	   pathologies	   may	   have	   higher	  
baseline	  cytokine	  levels	  as	  part	  of	  the	  body’s	  response	  to	  the	  illness.	  Indeed	  the	  weight	  loss	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and	  muscle	  wastage	  often	  seen	  clinically	  in	  association	  with	  malignancy	  is	  in	  some	  part	  due	  
to	   these	   patients	   being	   in	   a	   relatively	   catabolic	   state.	   This	   in	   turn	   may	   facilitate	   a	   more	  
exaggerated	   stress	   response	   when	   undergoing	   surgery.	   Alternatively,	   the	   underlying	  
diagnosis	  and	  treatment	  may	  have	  no	  significant	  effect	  on	  the	  subsequent	  stress	  response	  in	  
this	  context.	  Whatever	  the	  case,	  the	  fact	  remains	  that	  the	  commonest	   indication	  for	  open	  
liver	  resection	  in	  the	  UK	  is	  for	  treatment	  of	  a	  malignant	  pathology	  and	  an	  increasing	  number	  
of	   these	  patients	   receive	   neoadjuvant	   chemotherapy,	   so	   the	  patients	   in	   this	   study	   reflect	  
the	  patient	  population	  as	  a	  whole.	  	  
To	  control	  for	  the	  potential	   impact	  of	  malignancy	  and	  chemotherapy	  on	  the	  results	  of	  this	  
study	  we	   included	   them	   as	   factors	   in	   the	   linear	  modelling.	   This	   revealed	   that	   patients	   in	  
both	   groups	   who	   had	   received	   preoperative	   chemotherapy	   had	   significantly	   higher	   IL-­‐6	  
levels	   at	   24,	   48	   and	  72	  hours	   postoperatively,	   indicating	   that	   preoperative	   chemotherapy	  
caused	  an	  increase	  in	  the	  stress	  response	  to	  surgery.	  
Another	   significant	   difference	   between	   the	   groups	  was	   the	   P-­‐POSSUM	   operative	   severity	  
scores.	   The	   P-­‐POSSUM	   scoring	   system	   is	   widely	   used	   to	   predict	   risk	   for	   general	   surgical	  
patients,	   and	   combines	   both	   physiological	   and	   operative	   parameters.	   Physiological	  
parameters	  for	  both	  groups	  were	  comparable.	  The	  operative	  parameters	  used	  are	  operation	  
type;	   number	   of	   procedures;	   blood	   loss;	   peritoneal	   contamination;	   malignancy	   status	  
(benign,	  primary	  malignancy,	  malignancy	  with	  nodal	  metastases	  or	  malignancy	  with	  distant	  
metastases);	  and	  whether	  the	  surgery	  is	  elective	  or	  emergency.	  	  
All	   patients	   in	   this	   trial	   were	   undergoing	   elective	   surgery.	   No	   patients	   had	   combined	  
procedures	   (this	   was	   an	   exclusion	   criteria).	   There	   were	   no	   incidences	   of	   peritoneal	  
contamination	   and	   although	   higher	   in	   the	   ERP	   group	   blood	   loss	   was	   not	   significantly	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different	   between	   groups	   (p=0.510).	   This	  means	   the	  difference	   seen	   in	   operative	   severity	  
score	  (OSS)	  arose	  principally	  from	  two	  areas	  –	  operation	  type	  and	  malignancy	  status.	  
Malignancy	   status	   as	   discussed	   earlier	   was	   significantly	   different	   between	   groups	   with	   a	  
higher	  proportion	  of	  malignant	  cases	  in	  the	  treatment	  group.	  	  
In	   the	   original	   study	   by	   Copeland	   et	   al	   (1991)	   operation	   type	   was	   categorised	   as	   either	  
minor,	  moderate,	  major	  or	  major	  +.	  Liver	  surgery	  was	  classified	  as	   ‘major	  +’.	   	  However,	  as	  
highlighted	  in	  chapter	  1,	  there	  have	  been	  significant	  advancements	  in	  liver	  surgery	  over	  the	  
last	  20-­‐30	  years	  that	  have	  seen	  a	  marked	  improvement	  in	  morbidity	  and	  mortality	  figures.	  
Also,	  not	  all	  liver	  surgery	  is	  the	  same.	  In	  this	  study	  we	  examined	  patients	  undergoing	  open	  
liver	   resection	   only,	   so	  we	  will	   not	   address	   the	   laparoscopic	   versus	   open	   surgery	   debate.	  	  
However,	   the	   amount	   of	   liver	   tissue	   resected	   and	   the	   subsequent	   size	   and	   quality	   of	   the	  
remnant	  liver	  has	  a	  bearing	  on	  morbidity	  and	  mortality.	  	  Breitenstein	  et	  al	  (2010)	  developed	  
a	   preoperative	   scoring	   system	   for	   predicting	   complications	   after	   liver	   resection	   in	   non-­‐
cirrhotic	  patients,	  identifying	  one	  of	  the	  four	  independent	  predictors	  of	  risk	  to	  be	  the	  extent	  
of	   liver	   resection.	  Patients	  having	   less	   than	  three	  segments	  resected	  were	  at	   lower	  risk	  of	  
complications	   than	   those	   having	   three	   or	   more	   segments	   removed.	   For	   this	   reason	   we	  
categorised	  patients	   in	   this	   study	  as	  having	  either	  a	   ‘minor’	   (<3	   segments)	  or	   ‘major’	   (≥	  3	  
segments)	   liver	   resection.	   To	   calculate	   the	   P-­‐POSSUM	   operative	   severity	   scores	   a	   minor	  
resection	  was	  classified	  as	  operation	  type	  ‘major’	  and	  a	  major	  resection	  as	  a	  ‘major	  +’.	  	  
The	  number	  of	  major	  resections	  was	  greater	  in	  the	  ERP	  group	  (21	  vs	  12	  in	  the	  control	  group)	  
a	  difference	  that	  was	  nearly	  statistically	  significant	  (p=0.06).	  This	  difference	  combined	  with	  
the	   difference	   in	   malignancy	   status	   between	   groups	   produced	   the	   difference	   in	   OSS.	   To	  
control	  for	  this	  OSS,	  was	  also	  included	  as	  a	  covariate	  in	  the	  linear	  modelling,	  the	  results	  of	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which	  showed	  that	  OSS	  did	  not	  significantly	  affect	  serum	  IL-­‐6	  concentration.	  	  
Overall	  there	  were	  trends	  toward	  patients	  in	  the	  ERP	  group	  having	  more	  malignant	  disease	  
(and	   therefore	   receiving	   preoperative	   chemotherapy)	   and	   larger	   resections	   than	   those	   in	  
the	  control	  group.	  It	  is	  possible	  that	  these	  factors	  predisposed	  the	  ERP	  group	  to	  produce	  a	  
larger	   IL-­‐6	   response	   than	   the	   control	   group	   and	   may	   explain	   why	   no	   difference	   in	   IL-­‐6	  
between	  groups	  was	  detected,	   despite	   the	   reduction	   in	   length	  of	   stay	   and	   complications.	  
However,	   if	   patients	   in	   the	   ERP	   group	   recovered	   from	   surgery	   more	   quickly,	   with	   fewer	  
complications	   and	   ready	   to	   leave	   hospital	   sooner	   then	   one	   might	   still	   expect	   to	   see	   a	  
reduction	   in	   their	   stress	   response	   relative	   to	   the	   control	   group,	   regardless	   of	   the	  
demographic	  factors.	  
Another	   factor	   that	  may	  have	   affected	   the	  primary	  outcome	  of	   this	   trial	  was	   the	   existing	  
standard	   of	   care	   at	   the	   RSCH.	   The	   care	   pathway	   for	   the	   control	   group	  was	   based	   on	   the	  
perioperative	  care	  currently	  given	  to	  all	  patients	  undergoing	  open	   liver	   resection	  at	  RSCH.	  
This	  pathway	  already	   incorporated	  a	   large	  number	  of	   the	  elements	  of	  enhanced	   recovery	  
(13	  of	  the	  20	  recommended	  in	  the	  ERAS	  guidelines	  (Gustaffson	  et	  al,	  2012)),	  meaning	  that	  
the	  difference	  between	  groups	  in	  this	  trial	  came	  down	  to	  six	  ER	  elements.	  ER	  elements	  used	  
in	   the	   ERP	   group	  but	   not	   in	   the	   control	   group	  were:	   preoperative	   information;	   education	  
and	  counselling;	  preoperative	  oral	  carbohydrates;	  postoperative	  goal-­‐directed	  fluid	  therapy;	  
perioperative	  nutritional	  care;	  rationalised	  usage	  of	  peritoneal	  drainage	  and	  catheters;	  and	  
early	  mobilisation	  with	  a	  more	  intensive	  physiotherapy	  protocol.	  	  Evidence	  for	  the	  effect	  of	  
these	   elements	   on	   the	   stress	   response	   is	   limited	   and	   only	   exists	   for	   preoperative	   oral	  
carbohydrate	  and	  intraoperative	  goal-­‐directed	  fluid	  therapy.	  	  
Preoperative	  carbohydrate	  has	  been	  shown	  to	  reduce	  postoperative	  insulin	  resistance	  (Soop	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et	   al,	   2001),	   reduce	  postoperative	  nitrogen	  and	  protein	   losses,	   better	  maintaining	  muscle	  
strength	   and	   lean	   body	  mass	   (Crowe	   et	   al,	   1984;	   Yuill	   et	   al,	   2005;	   Svanfeldt	   et	   al,	   2007).	  
There	  is	  no	  evidence	  that	  it	  directly	  affects	  the	  IL-­‐6	  response.	  
A	  double-­‐blinded	  RCT	  of	  108	  patients	  undergoing	  open	  colorectal	  resection	  found	  that	  the	  
IL-­‐6	   response	  was	   significantly	   reduced	   in	   those	  patients	  who	  had	   received	   intraoperative	  
goal-­‐directed	   fluid	   therapy	   using	   an	   oesophageal	   Doppler	   monitor	   (Noblett	   et	   al,	   2006).	  
However	   the	   total	   volumes	   of	   crystalloid	   and	   colloid	   infused	   were	   no	   different	   between	  
groups	   and	   they	   attributed	   the	   reduction	   to	   be	   secondary	   to	   better	   splanchnic	   perfusion	  
intraoperatively,	  producing	  less	  cytokine	  release	  from	  the	  bowel.	  Whether	  the	  same	  effect	  
would	  be	  seen	  in	  liver	  surgery,	  where	  the	  period	  of	  fluid	  optimisation	  only	  begins	  once	  the	  
resection	  is	  complete,	  is	  not	  known.	  
A	   greater	   difference	   between	   the	   pathways	   for	   the	   control	   and	   ERP	   groups	   might	   have	  
produced	  a	  significant	  difference	  in	  the	  IL-­‐6	  response,	  but	  this	  would	  have	  meant	  delivering	  
substandard	  care	  to	  the	  control	  group,	  but	  this	  would	  have	  been	  unethical	  and	  unscientific.	  
Furthermore	  it	  is	  worth	  noting	  that	  whilst	  the	  length	  of	  stay	  and	  morbidity	  outcomes	  were	  
significantly	   worse	   in	   the	   control	   group	   when	   compared	   with	   the	   ERP	   group,	   they	   were	  
significantly	   improved	  when	   compared	  with	  previously	  published	  outcomes	   from	  our	  unit	  
(Karanjia	  et	  al,	  2009).	  This	  may	  be	  due	  in	  part	  to	  the	  existence	  of	  a	  ‘Hawthorne	  effect’	  –	  a	  
term	   used	   to	   describe	   the	   phenomenon	   in	   which	   participants	   alter	   their	   behaviour	   as	   a	  
result	  of	  being	  part	  of	  an	  experiment	  or	  study.	  Individuals	  change	  their	  behaviour	  due	  to	  the	  
attention	   they	  are	   receiving	   from	  researchers	   rather	   than	  because	  of	  any	  manipulation	  of	  
independent	  variables.	  In	  the	  context	  of	  this	  study	  individuals	  in	  the	  control	  group	  may	  have	  
been	   mobilised	   more	   quickly	   and	   returned	   to	   a	   full	   oral	   intake	   sooner	   than	   they	   might	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otherwise	  have	  done.	  As	  two	  of	  the	  key	  differences	  between	  the	  groups	  were	  perioperative	  
nutritional	  care	  and	  early	  mobilisation,	  this	  phenomenon	  may	  have	  lessened	  the	  difference	  
in	  IL-­‐6	  response.	  	  
Finally	  previous	  research	  into	  perioperative	  IL-­‐6	  has	  demonstrated	  an	  association	  between	  
complications	   and	   increased	   IL-­‐6	   levels,	   such	   that	   the	  more	   severe	   the	   complication,	   the	  
higher	  the	  IL-­‐6	  level	  (Kimura	  et	  al,	  2006;	  Oka	  Y	  et	  al,	  1992;	  Strey	  et	  al,	  2011;	  Szczepanik	  et	  al,	  
2011).	   In	   liver	   surgery,	   in	   addition	   to	   the	   general	   postoperative	   complications	   seen	   after	  
most	  types	  of	  surgery,	  there	  are	  a	  number	  of	  specific	  complications	  that	  can	  occur	  due	  to	  
the	  nature	  of	  the	  procedure	  –	  biloma,	  transient	  hepatic	  insufficiency	  and	  liver	  failure.	  When	  
these	   complications	   arise	   they	   tend	   to	   be	   severe.	   Whilst	   the	   incidence	   of	   general	  
postoperative	  complications	  was	  reduced	   in	   the	  ERP	  group,	   the	   incidence	  of	   liver	  surgery-­‐
specific	   complications	  was	   no	   different.	   A	   higher	   proportion	   of	   these	   complications	  were	  
severe	  (Dindo-­‐Clavien	  grade	  II	  -­‐	  V)	  and	  subjects	  suffering	  one	  of	  these	  may	  be	  expected	  to	  
exhibit	  an	  exaggerated	  IL-­‐6	  response.	  Overall	  this	  means	  that	  whilst	  morbidity	  was	  reduced	  
in	   the	   treatment	   group,	   this	   reduction	   was	   principally	   of	   less	   severe	   complications	   and	  
consequently	  any	  reduction	  in	  IL-­‐6	  response	  was	  likely	  to	  be	  small	  and	  may	  well	  have	  been	  
masked	  by	  the	  high	  levels	  of	  IL-­‐6	  produced	  by	  patients	  suffering	  more	  severe	  complications.	  
After	  taking	  all	  these	  factors	  into	  account,	  this	  study	  did	  not	  demonstrate	  any	  difference	  in	  
IL-­‐6	   response	  between	  groups,	  despite	  an	   improvement	   in	   short-­‐term	  outcomes	   (reduced	  
morbidity	   and	   length	   of	   hospital	   stay).	   This	   would	   indicate	   the	   benefits	   of	   an	   enhanced	  
recovery	  programme	   for	   liver	   resection	   surgery	  were	  not	   associated	  with	   an	   alteration	   in	  
the	  stress	  response	  as	  described	  by	  IL-­‐6.	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4.4	   Responses	  of	  remaining	  cytokines	  
The	  most	  commonly	  used	  cytokine	  marker	  when	  examining	  the	  stress	  response	  to	  surgery	  is	  
IL-­‐6.	  However	  there	  are	  a	  number	  of	  other	  cytokines	  involved	  in	  the	  stress	  response	  with	  a	  
myriad	   of	   pro-­‐	   and	   anti-­‐inflammatory	   functions.	   The	   precise	   nature	   of	   the	   actions	   and	  
interactions	  of	  these	  cytokines	  is	  complex	  and	  still	  not	  completely	  understood.	  In	  this	  study	  
a	  selection	  of	  cytokines	  was	  analysed	  perioperatively	  to	  try	  and	  give	  a	  broader	  picture	  of	  the	  
stress	  response.	  These	  were	  IL-­‐1β,	  IL-­‐4,	  IL-­‐8,	  IL-­‐10,	  GM-­‐CSF,	  IFN-­‐γ	  and	  TNF-­‐α.	  	  
There	  has	  been	  a	  great	  deal	  of	  research	  attempting	  to	  detail	  the	  cytokine	  response	  to	  major	  
surgery.	   Studies	   have	   been	   performed	   in	   a	   wide	   variety	   of	   surgical	   specialties	   but	   the	  
majority	   of	   work	   has	   been	   with	   patients	   having	   either	   bowel,	   major	   vascular	   or	   cardiac	  
surgery.	  In	  addition,	  most	  of	  the	  studies	  recruited	  relatively	  small	  numbers	  of	  patients	  (less	  
than	  30)	  and,	  in	  the	  case	  of	  comparison	  studies	  often	  not	  randomised	  and	  with	  inadequate	  
control	  groups.	  	  
The	   result	   is	   that	  whilst	   the	  overall	  pattern	  of	   the	  cytokine	   response	   to	  surgical	   trauma	   is	  
generally	  consistent,	  the	  magnitude	  and	  duration	  are	  highly	  variable.	  Factors	  that	  influence	  
the	   size	   of	   the	   cytokine	   response	   include	   the	   degree	   of	   surgical	   trauma	   i.e.	   the	   type	   and	  
nature	   of	   the	   surgical	   procedure	   being	   performed,	   with	   larger,	   more	   invasive	   procedure	  
generating	   a	  more	   profound	   and	   prolonged	   response.	   In	   particular,	   surgery	   that	   involves	  
manipulation	   of	   the	   bowel	   or	   cardiopulmonary	   bypass	   invokes	   a	   much	   greater	   response	  
than	   surgery	   which	   does	   not	   (Hiki	   et	   al,	   2006).	   	   Furthermore,	   higher	   cytokine	   levels	  
(especially	   IL-­‐6	   and	   IL-­‐8)	   have	   been	   measured	   in	   patients	   who	   developed	   major	  
postoperative	  complications	  in	  many	  different	  types	  of	  surgery	  (Oka	  Y	  et	  al,	  1992;	  Strey	  et	  
al,	   2011;	   Szczepanik	   et	   al,	   2011).	   	   The	   use	   of	   regional	   anaesthetic	   techniques	   such	   as	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thoracic	   epidurals	   decreases	   the	   early	   pro-­‐inflammatory	   cytokine	   response	   (Moselli	   et	   al,	  
2011)	   and	   the	   perioperative	   administration	   of	   high-­‐dose	   steroids	   reduces	   the	   cytokine	  
response	   (Schmidt	   et	   al,	   2007;	   Aldrighetti	   et	   al,	   2006).	   	   Finally	   the	   occurrence	   of	   tissue	  
ischaemia	  with	  subsequent	  reperfusion	  increases	  the	  cytokine	  response,	  for	  instance	  in	  liver	  
surgery	  this	  may	  arise	  as	  a	  result	  of	  Pringle’s	  manoeuvre	  (Badia	  et	  al,	  1998;	  Guidi	  et	  al,	  2003;	  
van	  de	  Poll	  et	  al	  2007).	  	  
Aspects	  of	  the	  cytokine	  response	  to	  liver	  surgery	  have	  been	  described	  by	  numerous	  authors.	  
In	   common	  with	   the	  majority	   of	   research	   in	   this	   area	  most	   of	   the	   studies	   are	   small	   and	  
single-­‐centre,	  which	  has	  lead	  to	  some	  variation	  in	  the	  reported	  range	  of	  values.	  	  
IL-­‐1β	  rises	  very	  early	  and	  peaks	  between	  1	  -­‐	  4	  hours	  from	  the	  start	  of	  surgery	  before	  rapidly	  
declining.	  For	  this	  reason	  the	  peak	  may	  easily	  be	  missed	  and	  many	  authors	  report	  very	  low	  
levels	  of	  IL-­‐1β	  after	  liver	  surgery,	  with	  a	  number	  of	  studies	  failing	  to	  detect	  it	  at	  all	  (Badia	  et	  
al,	  1998;	  Chachkhiani	  et	  al,	  2005;	  Maruna	  et	  al,	  2001).	  In	  this	  study	  IL-­‐1β	  rose	  from	  baseline	  
to	  peak	  at	  six	  hours	  postoperatively,	  although	  levels	  generally	  remained	  low.	  The	  schedule	  
of	  sampling	  means	  that	  an	  early	  peak	  may	  well	  have	  been	  missed.	  
IL-­‐4	  is	  produced	  by	  Th2	  cells	  and	  it	  stimulates	  B-­‐cell	  proliferation	  and	  differentiation	  of	  naive	  
T	   cells	   into	   further	   Th2	   cells.	   There	   have	   been	   relatively	   few	   studies	   examining	   the	   IL-­‐4	  
response	  following	  liver	  surgery	  and	  the	  most	  common	  finding	  is	  that	  systemic	  IL-­‐4	  levels	  do	  
not	  alter	   (Kimura	  et	  al,	  2006;	  Pulitano	  et	  al,	  2006).	   In	  this	  study	   IL-­‐4	   levels	  did	  not	  change	  
perioperatively	  in	  either	  group.	  
The	  pro-­‐inflammatory	  cytokine	   IL-­‐8	   rises	  early	  after	   liver	  surgery	  and	  peaks	  12	  –	  24	  hours	  
postoperatively.	   IL-­‐8	   levels	   have	   been	   correlated	  with	   the	   degree	   of	   surgical	   trauma	   and	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postoperative	   complications	   in	   cardiac	   and	   oesophageal	   surgery	   (Struber	   et	   al,	   1999;	  
Yamada	  et	  al,	  1998).	  A	  study	  of	  128	  consecutive	  patients	  undergoing	  liver	  resection	  showed	  
correlation	  between	  IL-­‐8	  levels	  and	  postoperative	  infections	  and	  organ	  dysfunction	  (Kimura	  
et	   al,	   2006).	   In	   this	   study	   IL-­‐8	   rose	   from	   baseline	   peaking	   between	   6	   and	   24	   hours	  
postoperatively	  before	  declining	  in	  both	  groups.	  The	  rise	  was	  slower	  and	  more	  sustained	  in	  
the	   treatment	   group,	   peaking	   later	   at	   24	   hours	   (compared	   with	   six	   hours	   in	   the	   control	  
group).	   In	   addition,	   IL-­‐8	   was	   significantly	   higher	   at	   48	   hours	   in	   the	   treatment	   group	  
(p=0.001)	  although	  this	  effect	  was	  small	  and	  not	  present	  at	  any	  other	  point.	  	  
IL-­‐10	   is	   the	  principal	  anti-­‐inflammatory	  cytokine.	   It	   inhibits	   the	   release	  of	   IL-­‐1β	  and	  TNF-­‐α	  
thereby	  down-­‐regulating	   the	   inflammatory	   response.	   Its	   release	   is	   in	  dynamic	   equilibrium	  
with	  that	  of	  IL-­‐6	  (the	  major	  pro-­‐inflammatory	  cytokine)	  rising	  rapidly	  following	  liver	  surgery,	  
peaking	  at	  around	  24	  hours	  before	  rapidly	  declining	   (Jerin	  et	  al,	  2003;	  Kimura	  et	  al,	  2006;	  
Moselli	  et	  al,	  2011).	  This	  was	   the	  pattern	  of	   release	  seen	   in	   this	  study,	  with	  no	  significant	  
difference	  between	  groups	  although	  IL-­‐10	  did	  peak	  later	  in	  the	  ERP	  group.	  
The	   reported	   TNF-­‐α	   response	   following	   liver	   surgery	   is	   much	   more	   variable	   with	   many	  
studies	  only	  detecting	  very	  low	  levels	  and	  some	  failing	  to	  detect	  it	  at	  all	  (Badia	  et	  al,	  1998;	  
Schmidt	  et	  al,	  2007;	  Baigrie	  et	  al,	  1992;	  Jerin	  et	  al,	  2003).	  This	  may	  be	  due	  to	  a	  number	  of	  
factors	   including	   technical	   difficulties	   with	   sampling	   and	   analysis	   and	   the	   possibility	   that	  
TNF-­‐α	   release	   remains	   more	   localised	   to	   the	   site	   of	   trauma.	   When	   a	   significant	  
postoperative	   rise	  was	   reported	   it	  generally	  occurred	  more	   than	  24	  hours	  postoperatively	  
(Burpee	  et	  al,	  2002).	  In	  this	  study	  levels	  of	  TNF-­‐α	  remained	  low	  throughout.	  	  
Similarly	  IFN-­‐γ	  remains	  low	  or	  undetectable	  following	  liver	  surgery	  (Badia	  et	  al,	  1998;	  Guidi	  
et	  al,	  2003)	  and	  was	  the	  case	  in	  this	  study	  where	  levels	  remained	  low	  in	  both	  groups.	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There	  are	  very	  few	  data	  on	  the	  GM-­‐CSF	  response	  following	  liver	  surgery,	  but	  a	  trial	  carried	  
out	  in	  35	  consecutive	  patients	  undergoing	  bowel	  surgery	  showed	  that	  levels	  changed	  little	  
over	   the	   first	   24	   hours	   postoperatively	   (Moselli	   et	   al,	   2011).	   In	   this	   study	   GM-­‐CSF	   rose	  
marginally	  over	  the	  first	  six	  hours	  in	  both	  groups	  and	  then	  remained	  stable.	  
Looking	   at	   the	   cytokine	   response	   as	   a	   whole,	   the	   results	   from	   this	   study	   agree	   with	  
previously	   published	   work.	   However,	   the	   absolute	   levels	   of	   individual	   cytokines	   in	   both	  
groups	   are	   at	   the	   lower	   end	   of	   the	   range	   of	   reported	   values	   for	   surgery	   of	   this	   type	  
indicating	   that	   the	   stress	   response	   in	   both	   groups	   was	   obtunded.	   Overall	   there	   was	   no	  
difference	   in	  cytokine	  response	  between	  groups.	  The	  only	  exception	  to	  this	  was	   IL-­‐8	  at	  48	  
hours	   which	   was	   found	   to	   be	   significantly	   higher	   in	   the	   treatment	   group.	   However,	   this	  
isolated	  finding	  at	  a	  single	  time	  point	  is	  not	  likely	  to	  be	  of	  clinical	  significance.	  	  
It	   would	   appear	   from	   these	   findings	   that	   enhanced	   recovery	   does	   not	   alter	   the	   cytokine	  
response	   to	   surgery,	   however	   as	   discussed	   for	   IL-­‐6,	   there	  were	   a	   number	   of	   factors	   that	  
might	   have	   influenced	   this	   result.	   Although	   an	   attempt	   was	   made	   to	   control	   for	   the	  
differences	   in	  demographics	  between	  groups	  by	  using	   linear	  modelling,	  perhaps	   the	  most	  
pertinent	  point	  is	  that,	  as	  mentioned,	  the	  standard	  of	  care	  at	  our	  centre	  already	  contained	  a	  
number	   of	   the	   elements	   of	   enhanced	   recovery	   and	   consequently	   the	   control	   group	   only	  
differed	   from	   the	   treatment	   group	   by	   six	   elements,	   possibly	   reducing	   any	   detectable	  
difference	   in	   stress	   response.	   Indeed,	   comparing	   results	   from	   this	   trial	   with	   previously	  
published	  work	   from	   other	   centres	   shows	   that	   the	   both	   groups	   have	   a	   smaller	   response	  
than	  is	  often	  reported.	  In	  addition	  to	  this,	  the	  type	  of	  surgery	  being	  examined	  is	  not	  typically	  
associated	  with	  a	  large	  cytokine	  response	  (compared	  with	  bowel	  or	  major	  vascular	  surgery)	  
further	  reducing	  the	  chances	  of	  observing	  a	  difference	  between	  groups.	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4.4.1	   VEGF	  
The	   cytokine	   VEGF	   is	   a	   potent	   mediator	   of	   angiogenesis,	   important	   in	   many	   pathologies	  
such	  as	  tumour	  growth	  and	  wound	  healing.	  Patients	  with	  a	  variety	  of	  cancers	  have	  higher	  
circulating	  levels	  of	  VEGF	  (Dirix	  et	  al	  1996;	  Hicklin	  and	  Ellis,	  2005)	  and	  VEGF	  has	  been	  used	  
as	   a	   prognostic	   indicator	   in	   colorectal	   cancer	   (Cascinu	   et	   al,	   2000).	   This	   has	   led	   to	   the	  
development	   of	   specific	   anti-­‐VEGF	   treatments	   for	   use	   with	   traditional	   chemotherapeutic	  
agents.	   The	   anti-­‐VEGF	   agent	   used	   most	   extensively	   in	   colorectal	   liver	   metastases	   is	  
bevacizumab,	  which	  has	  been	  approved	  since	  2004	  for	  this	  indication	  (Scheer	  et	  al,	  2008).	  	  
Although	   not	   directly	   involved	   with	   the	   stress	   response	   VEGF	   levels	   rise	   following	  major	  
surgery	  (Bondestam	  et	  al,	  2000;	  Svensen,	  2004;	  Pascual	  et	  al,	  2011).	  Raised	  levels	  of	  VEGF	  
may	   facilitate	  angiogenesis	  and	   tumour	  metastasis/recurrence.	   It	  has	  also	  been	  suggested	  
that	  postoperative	  inhibition	  of	  VEGF	  (via	  use	  of	  agents	  such	  as	  bevacizumab)	  may	  lead	  to	  
poor	  wound	  healing	  and	  increased	  complications,	  although	  a	  number	  of	  studies	  have	  failed	  
to	  demonstrate	  this	  (Mahfud	  et	  al,	  2010;	  Van	  Der	  Pool	  et	  al,	  2012).	  
The	  relationship	  between	  the	  stress	  response	  and	  VEGF	  is	  not	  clear,	  it	  has	  been	  postulated	  
that	   cytokines	   increased	   by	   the	   surgical	   stress	   response	   may	   be	   linked	   with	   angiogenic	  
factors	  such	  as	  VEGF.	  However	  a	  study	  in	  30	  breast	  cancer	  patients	  undergoing	  mastectomy,	  
comparing	   morphine	   with	   a	   regional	   anaesthetic	   technique	   for	   perioperative	   analgesia,	  
found	   that	  although	   the	  stress	   response	  was	   reduced	   in	   the	   regional	  group,	   there	  was	  no	  
difference	  in	  postoperative	  VEGF	  levels	  between	  groups	  (O’Riain	  et	  al,	  2005).	  	  
VEGF	   also	   appears	   to	   have	   a	   role	   in	   regeneration	   of	   hepatocytes	   (e.g.	   after	   portal	   vein	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embolization	  or	  resection;	  Mochida	  et	  al,	  1996)	  leading	  to	  concerns	  that	  inhibiting	  the	  VEGF	  
response	   may	   increase	   postoperative	   hepatic	   insufficiency/failure.	   	   However,	   studies	  
investigating	   this	   have	   not	   found	   any	   increase	   in	   such	   complications	   (Zorzi	   et	   al,	   2008;	  
Mahfud	  et	  al,	  2010).	  	  
In	   common	   with	   previous	   studies	   looking	   at	   the	   VEGF	   response	   to	   liver	   resection,	   both	  
groups	   in	   this	   study	   exhibited	   a	   trend	   toward	   increasing	   VEGF	   levels	   across	   the	   sample	  
period.	   Levels	   in	   both	   groups	  were	   still	   increasing	   at	   72	   hours	   after	   surgery,	   however	   no	  
significant	  difference	   in	  VEGF	  concentration	  was	   found	  between	  groups	  at	  any	   time	  point	  
indicating	  that	  intervention	  had	  no	  effect	  on	  postoperative	  VEGF	  levels.	  	  
	  
4.5	   Insulin	  and	  Glucose	  
Another	   feature	   of	   the	   stress	   response	   is	   reduced	   insulin	   sensitivity	   (or	   increased	   ‘insulin	  
resistance’)	  of	  peripheral	  tissues	  postoperatively,	  giving	  rise	  to	  a	  reduced	  uptake	  of	  glucose	  
and	  elevated	  blood	  glucose	  levels.	  This	  relative	  change	  in	  insulin	  resistance	  correlates	  with	  
the	  degree	  of	  surgical	  stress	  and	  may	  persist	  for	  up	  to	  two	  weeks	  after	  surgery	  (Thorell	  et	  al,	  
1993;	  Nygren	   et	   al,	   1998).	   It	   has	   also	   been	   demonstrated	   that	   reducing	   the	   preoperative	  
fasting	  time	  and	  administration	  of	  an	  oral	  carbohydrate	  load	  approximately	  two	  hours	  prior	  
to	  surgery	  can	  significantly	  reduce	  the	  postoperative	  change	  in	  insulin	  sensitivity	  (Nygren	  et	  
al,	   1998;	   Soop	   et	   al,	   2001).	   Reducing	   postoperative	   insulin	   resistance	   is	   beneficial	   as	   it	  
ameliorates	   the	   catabolic	   state	   seen	   post-­‐surgery	   resulting	   in	   less	   postoperative	   loss	   of	  
nitrogen	   and	   protein	   (Svanfeldt	   et	   al,	   2007)	   as	  well	   as	   better-­‐maintained	   lean	   body	  mass	  
and	   muscle	   strength	   (Noblett	   et	   al,	   2006).	   In	   addition,	   postoperative	   hyperglycaemia	   is	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associated	  with	   increased	  morbidity,	  principally	   through	   increased	  postoperative	   infection	  
rates	  and	  poor	  wound	  healing	  (Krinsley,	  2006;	  Maeda	  et	  al	  2010).	  	  
The	  most	  commonly	  used	  method	  of	  assessing	  insulin	  resistance	  in	  studies	  investigating	  oral	  
carbohydrate	   loading	   is	  with	  a	  hyperinsulinaemic-­‐euglycaemic	  clamp	  technique	  (Nygren	  et	  
al,	  1998;	  Svanfeldt	  et	  al,	  2007).	   In	  these	  studies,	  the	  variables	  measured	  are	  perioperative	  
changes	  in	  insulin	  and	  glucose	  levels	  therefore,	  so	  it	   is	  not	  possible	  to	  comment	  on	  insulin	  
resistance	   directly.	   However	   comparison	   of	   absolute	   insulin	   and	   glucose	   levels	   between	  
groups	  may	  give	  us	  an	  indication	  of	  the	  relative	  insulin	  sensitivities	  of	  each.	  	  
The	   results	   of	   this	   study	   showed	   that	   the	   ERP	   group	   (with	   reduced	   fasting	   times,	  
preoperative	  carbohydrate	  and	  perioperative	  nutritional	  supplementation)	  had	  significantly	  
higher	   insulin	  and	  glucose	   levels	  at	  6,	  24	  and	  48	  hours	  postoperatively	  possibly	   indicating	  
that	   insulin	   resistance	  was	  actually	   increased	   in	   this	  group.	   In	  addition,	   six	  patients	   in	   the	  
treatment	  group	  had	  required	  a	  postoperative	  insulin	  infusion	  to	  control	  their	  blood	  glucose	  
levels,	  compared	  with	  two	  in	  the	  control	  group.	  	  This	  is	  perhaps	  a	  surprising	  result,	  however	  
an	  RCT	  comparing	  oral	  carbohydrate	   loading	  with	  placebo	   in	  65	  elective	  upper	  GI	  patients	  
(22	  of	  whom	  were	  undergoing	  hepatectomy)	  found	  no	  difference	  in	  postoperative	  glucose	  
or	   insulin	   levels	   (Yuill	   et	   al,	   2005).	   	   Also	   a	   recent	   meta-­‐analysis	   of	   15	   RCTs	   comparing	  
carbohydrate	  loading	  with	  preoperative	  fasting	  in	  elective	  surgery	  found	  that	  carbohydrate	  
significantly	  increased	  insulin	  and	  glucose	  levels	  on	  the	  first	  day	  after	  surgery	  (Li	  et	  al,	  2012).	  
In	  addition,	  most	  studies	  using	  oral	  carbohydrate	  loading	  have	  been	  conducted	  in	  colorectal	  
surgery.	   It	   is	   possible	   that	   patients	   undergoing	   liver	   resection	   surgery	  may	  well	   present	   a	  
unique	  set	  of	  challenges,	  especially	  when	  one	  considers	  the	  fundamental	  role	  the	  liver	  plays	  
in	  glucokinetics.	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Hepatocytes	   have	   an	   important	   role	   in	   blood	   glucose	   homeostasis.	   In	   the	   presence	   of	  
hyperglycaemia	  they	  (under	  the	  influence	  of	  insulin)	  respond	  by	  decreasing	  gluconeogenesis	  
and	   increasing	   glycogen	   synthesis	   to	   lower	   blood	   glucose	   levels.	  Under	   fasting	   conditions	  
they	   increase	   gluconeogenesis,	   glycogenolysis	   and	   glucose	   release	   to	   prevent	  
hypoglycaemia.	   Several	   factors	   mediate	   hepatocyte	   function	   including	   hormones	   (e.g.	  
insulin	  and	  glucagon),	  catecholamines,	  cytokines	  and	  glucose	   itself.	  Liver	  resection	  surgery	  
produces	  rapid	  and	  profound	  changes	  to	  blood	  glucose	  concentration	  (Maeda	  et	  al,	  2010).	  
Preoperative	   dextrose	   supplementation	   augments	   liver	   glycogen	   stores	   and	   helps	   protect	  
hepatocytes	   (Hassanain	   et	   al,	   2008).	   However	   studies	   demonstrating	   the	   benefit	   of	  
preoperative	   dextrose	   have	   maintained	   tight	   glycaemic	   control	   perioperatively	   via	   a	  
concomitant	   insulin	   infusion	   (Okabayashi	   et	   al,	   2011;	   Hassanain	   et	   al,	   2013).	   When	  
administered	   alone	   dextrose	   supplementation	   may	   compound	   postoperative	  
hyperglycaemia	   and	   increase	   morbidity	   (Ljungqvist	   et	   al,	   2005).	   	   This	   would	   explain	   the	  
results	   of	   this	   study,	   as	   the	   ERP	   group	   received	   preoperative	   oral	   carbohydrate	   without	  
postoperative	   insulin	   therapy	   and	   subsequently	   exhibited	   higher	   postoperative	   blood	  
glucose	   levels	   (despite	   an	   increased	   insulin	   response).	   	   Fortunately,	   although	   higher	   than	  
the	   control	   group,	   the	   median	   blood	   glucose	   in	   the	   treatment	   group	   was	   still	   within	   an	  
acceptable	  range	  at	  all	  time	  points	  (between	  4–8	  mmol/l),	  so	  any	  increase	  in	  morbidity	  due	  
to	  this	  factor	  was	  unlikely.	  
Other	  factors	  that	  may	  have	  contributed	  to	  the	  increased	  insulin	  and	  glucose	  response	  seen	  
in	   the	   ERP	   group	   may	   have	   been	   the	   previously	   mentioned	   differences	   in	   baseline	  
characteristics	   between	   groups.	   The	   change	   in	   postoperative	   insulin	   resistance	   correlates	  
with	  the	  degree	  of	  surgical	  stress	  and	  there	  was	  a	  trend	  toward	  larger	  operations	  in	  the	  ERP	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group.	   Additionally,	   insulin	   sensitivity	   is	   affected	   by	   peri-­‐	   and	   post-­‐operative	   nutritional	  
status	   (Nygren	  et	   al,	   1997)	   -­‐	   there	  were	  a	  higher	  proportion	  of	  patients	   in	   the	  ERP	  group	  
with	  a	  malignant	  diagnosis	  and	  therefore	  likely	  to	  have	  a	  poorer	  nutritional	  status.	   	  Whilst	  
they	  may	  be	  contributory	   it	  must	  be	  pointed	  out	  that	   these	   factors	  were	  controlled	   for	   in	  
the	  statistical	  analysis.	  
	  
4.6	   Cortisol	  
The	  glucocorticoid	  steroid	  hormone	  cortisol	   is	   released	  from	  the	  adrenal	  cortex	  under	  the	  
control	  of	  the	  HPA	  axis.	  Plasma	  cortisol	  levels	  are	  elevated	  by	  surgical	  stress	  and	  it	  is	  a	  key	  
element	   of	   the	   endocrine	   response.	   It	   promotes	   the	   catabolic	   state	   seen	   post-­‐surgery	  
stimulating	  protein	  breakdown,	  gluconeogenesis	  and	  lipolysis.	  It	  also	  has	  anti-­‐inflammatory	  
and	   immunosuppressant	   actions,	   inhibiting	   the	   accumulation	   of	   macrophages	   and	  
neutrophils	   and	   interfering	   with	   the	   synthesis	   of	   inflammatory	   mediators,	   particularly	  
prostaglandins	  (Desborough,	  2000).	  	  
Following	   the	   onset	   of	   surgery,	   plasma	   cortisol	   levels	   rise	   rapidly	   peaking	   at	   4–6	   hours	  
before	  returning	  towards	  baseline	  after	  24	  hours	  (Nicholson	  et	  al,	  1998).	  The	  magnitude	  and	  
duration	  of	   the	  cortisol	   response	   is	   related	   to	   the	  severity	  of	   surgery	  and	   the	  presence	  of	  
complications,	  levels	  >1500	  nmol/l	  are	  reported	  after	  cardiac	  surgery	  (Chernow	  et	  al,	  1987).	  	  
In	  this	  study	  the	  cortisol	  response	  in	  both	  groups	  followed	  the	  previously	  described	  pattern.	  
Baseline	   levels	  were	   similar	   in	   both	   groups	   (around	   350	   nmol/l)	   and	   these	   levels	   rose	   to	  
peak	  at	  six	  hours	  post-­‐surgery,	  before	  returning	  towards	  baseline	  by	  24	  hours.	  However	  the	  
peak	  level	  of	  cortisol	  in	  the	  control	  group	  was	  significantly	  higher	  than	  that	  in	  the	  treatment	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group	  (p=0.001)	  indicating	  that	  the	  enhanced	  recovery	  protocol	  had	  reduced	  the	  size	  of	  the	  
cortisol	  response	  to	  surgery,	  the	  first	  time	  this	  has	  been	  demonstrated	  in	  an	  RCT.	  
This	  difference	   is	   even	  more	   impressive	   considering	   the	   trend	   toward	   larger	   resections	   in	  
the	  ERP	  group,	  which	  one	  would	  expect	  to	  generate	  larger	  cortisol	  responses.	  A	  potentially	  
confounding	  factor	  is	  that	  more	  patients	  in	  the	  treatment	  group	  had	  malignant	  disease	  and	  
had	  undergone	  preoperative	  chemotherapy,	  which	  might	  have	  muted	  the	  cortisol	  response.	  
Indeed	   the	   linear	  modelling	   revealed	   that	   at	   six	   hours	   patients	   in	   either	   group	   who	   had	  
received	   preoperative	   chemotherapy	   had	   significantly	   lower	   cortisol	   levels	   (p=0.002).	   The	  
reduction	  of	  peak	  cortisol	  level	  in	  the	  ERP	  group	  exists	  even	  after	  this	  effect	  has	  been	  taken	  
into	  account,	  indicating	  that	  this	  is	  a	  genuine	  effect.	  	  
Cortisol	  is	  a	  key	  ‘stress	  hormone’	  and	  largely	  responsible	  for	  the	  catabolic	  state	  seen	  post-­‐
surgery.	  This	  result	  demonstrates	  that	  an	  enhanced	  recovery	  protocol	  reduces	  the	  cortisol	  
response	  to	  surgery.	  
	  
4.7	   CRP	  
C-­‐reactive	  protein	  is	  produced	  by	  hepatocytes	  and	  released	  into	  blood	  as	  part	  of	  the	  ‘acute	  
phase	  response’	  to	  surgery.	  Its	  function	  is	  to	  bind	  phosphocholine	  expressed	  on	  the	  surface	  
of	   dead	   or	   dying	   cells,	   activate	   the	   complement	   system	   and	   enhance	   phagocytosis	   by	  
macrophages.	  It	  is	  often	  used	  clinically	  as	  a	  marker	  of	  inflammation	  or	  infection.	  	  The	  acute	  
phase	   response	   is	   stimulated	   by	   cytokines,	   particularly	   IL-­‐6,	   and	   the	   increase	   in	   serum	  
concentrations	   of	   CRP	   follow	   closely	   the	   changes	   in	   IL-­‐6.	   CRP	   levels	   start	   to	   rise	  
approximately	  two	  hours	  after	  the	  start	  of	  surgery	  reaching	  a	  peak	  at	  around	  48	  hours	  and	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remaining	  elevated	  for	  a	  number	  of	  days	  (Desborough,	  2000).	  	  
In	   this	   study,	   the	   CRP	   response	  was	   the	   same	   in	   both	   groups	   and	   followed	   the	   expected	  
pattern,	  peaking	  at	  48	  hours.	  This	  indicates	  that	  there	  was	  no	  significant	  difference	  in	  acute	  
phase	  response	  between	  groups,	  which	  given	  the	  cytokine	  results	  is	  perhaps	  not	  surprising.	  
	  
4.8	   Immunological	  data	  
Twenty-­‐four	  patients	   in	  each	  group	  had	   their	  blood	  analysed	   for	   immunological	   variables.	  
Overall	  white	  cell	  counts	  were	  measured	  as	  well	  as	  the	  sub-­‐set	  populations	  of	  B-­‐cell	  and	  T-­‐
cell	   lymphocytes.	   Of	   particular	   interest	   in	   cancer	   surgery	   is	   the	   cellular	   immune	   system,	  
principally	  comprised	  of	  T-­‐cell	  sub-­‐types.	  An	  intact	  cellular	  immune	  system	  with	  competent	  
NK,	  cytotoxic	  T	  and	  T-­‐helper	  cells	   is	   thought	  to	  be	  the	  critical	  host	  defence	  against	  cancer	  
and	   the	   development	   of	  metastases	   (Shakhar	   &	   Ben-­‐Eliyahu,	   2003;	   Snyder	   &	   Greenberg,	  
2010).	  Many	  studies	  have	  shown	  an	  inverse	  relationship	  between	  NK	  cell	  activity	  at	  the	  time	  
of	   surgery	   and	   the	   development	   of	   metastatic	   disease	   (Gottschalk	   et	   al,	   2010;	   Snyder	   &	  
Greenberg,	  2010)	  and	  studies	  in	  humans	  have	  demonstrated	  that	  surgery	  itself	  can	  promote	  
the	  development	  of	  metastases	  (Ben-­‐Eliyahu	  et	  al,	  1999;	  Demicheli	  et	  al,	  2001).	  One	  of	  the	  
mechanisms	   by	   which	   may	   occur	   is	   via	   the	   perioperative	   immunosuppression	   associated	  
with	  the	  surgical	  stress	  response	  although	  definitive	  evidence	  for	  this	  hypothesis	  is	  lacking.	  
Previous	   work	   has	   shown	   that	  major	   surgery	  may	   suppress	   cellular	   immunity	   for	   several	  
days	  (Shakhar	  &	  Ben-­‐Eliyahu,	  2003).	  There	  is	  a	  decrease	  in	  circulating	  NK,	  cytotoxic	  T	  and	  T-­‐
helper	   cell	   populations	   which	   reaches	   its	   nadir	   approximately	   three	   days	   post	   surgery	  
(Coffey	  et	   al,	   2003).	   	  One	  of	   the	  goals	  of	   this	   study	  was	   to	   characterise	  and	   compare	   the	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degree	   of	   immunosuppression	   in	   both	   groups	   and	   determine	   whether	   the	   use	   of	   an	  
enhanced	  recovery	  program	  altered	  this.	  	  
As	  expected,	  total	  WCC	  rose	  in	  both	  groups	  following	  surgery,	  peaking	  between	  24	  and	  48	  
hours.	  At	  the	  same	  time	  total	  lymphocyte	  counts	  fell	  indicating	  that	  the	  rise	  in	  WCC	  was	  due	  
to	  other	  white	  cells	  (principally	  neutrophils).	  	  Total	  lymphocyte	  counts	  decreased	  sharply	  in	  
the	  first	  six	  hours	  and	  had	  not	  recovered	  by	  the	  end	  of	  the	  trial	  period	  in	  either	  group.	  
B-­‐cell	   counts	   remained	   relatively	   stable	   in	   both	   groups	   although	   they	   were	   significantly	  
higher	   in	   the	   treatment	   group	  at	   six	   and	  48	  hours	   (p=0.009	  and	  p=0.041	   respectively).	   B-­‐
cells	   are	   involved	   with	   humoral	   immunity	   and	   are	   less	   implicated	   in	   the	   suppression	   of	  
metastases,	   however	   this	   is	   still	   an	   interesting	   finding.	   B-­‐cell	   proliferation	   and	  
differentiation	  is	  influenced	  by	  a	  number	  of	  different	  cytokines	  (including	  IL-­‐4	  and	  IL-­‐6)	  and	  
differentiated	  B-­‐cells	  produce	  many	  different	  cytokines	  themselves	  (Il-­‐2,	  IL-­‐4,	  IL-­‐6,	  IL-­‐10,	  IL-­‐
12	  and	  others),	  thereby	  further	  influencing	  the	  immune	  response	  as	  a	  whole	  (Lund,	  2009).	  
The	   relationship	   is	   extremely	   complex	   and	   still	   not	   completely	   understood	   but	   it	   appears	  
from	   these	   results	   that	   B-­‐cell	   counts	   may	   be	   better	   preserved	   with	   use	   of	   an	   enhanced	  
recovery	   programme.	   Humoral	   immunity	   is	   important	   for	   detection	   and	   elimination	   of	  
bacterial	   pathogens	   and	   it	   is	   interesting	   to	   note	   that	   the	   incidence	   of	   infectious	  
complications	  is	  reduced	  in	  the	  treatment	  group.	  
Overall	  T-­‐cell	  counts	  fell	  rapidly	  in	  both	  groups	  to	  reach	  a	  nadir	  at	  6	  hours	  post-­‐surgery.	  In	  
the	   treatment	   group	   they	   stayed	   low	   for	   the	   remainder	   of	   the	   study	   period,	   but	   in	   the	  
control	  group	  they	  began	  to	  recover	  such	  that	  overall	  T-­‐cell	  counts	  were	  significantly	  higher	  
at	  48	  and	  72	  hours	  post-­‐surgery	  (p=0.001	  and	  p<0.001	  respectively).	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Analysis	   of	   T-­‐cell	   sub-­‐types	   indicated	   that	   this	   difference	   in	   overall	   T-­‐cell	   counts	   arose	  
principally	  as	  a	  result	  of	  higher	  cytotoxic	  T-­‐cells	  in	  the	  control	  group	  (significantly	  higher	  at	  
72	   hours,	   p=0.035),	   and	   to	   a	   lesser	   extent	   T-­‐helper	   cells	   which	   were	   also	   higher	   in	   the	  
control	  group	  at	  48	  and	  72	  hours	  post-­‐surgery	  (although	  not	  significantly	  so).	  There	  was	  no	  
significant	  difference	  in	  NK	  cell	  counts	  between	  groups,	  which	  fell	  initially	  and	  remained	  low	  
throughout	  the	  study	  period.	  	  
HLA-­‐DR	  expression	  on	  monocytes	  is	  associated	  with	  an	  adequate	  presentation	  of	  antigen	  in	  
humans	   and	   has	   been	   used	   as	   a	  measure	   of	   immune	   competence	   (Veenhof	   et	   al,	   2012).	  
HLA-­‐DR	  expression	  fell	  in	  both	  groups	  with	  no	  significant	  difference	  at	  any	  time	  point.	  	  
When	   interpreting	   these	   results	   one	   must	   remember	   that	   the	   variables	   examined	   were	  
absolute	  cell	  counts	  and	  not	  cell	  activity	  –	  a	  correlation	  may	  not	  necessarily	  be	  assumed.	  In	  
addition	  the	  sample	  size	  in	  both	  groups	  was	  small	  and	  there	  were	  some	  differences	  in	  the	  
demographics	  between	  groups.	  	  Potential	  confounders	  in	  the	  ERP	  group	  patients	  were:	  they	  
were	   younger;	   there	   was	   a	   higher	   incidence	   of	   preoperative	   chemotherapy;	   and	   larger	  
resections.	   	  However	   these	   factors	  were	  accounted	   for	   in	   the	  statistical	  analysis	  and	  after	  
allowing	  for	  these	  the	  overall	  picture	  is	  of	  rapid	  and	  sustained	  immunosuppression	  in	  both	  
groups	   that	   continued	   throughout	   the	   trial	   period.	   	   However,	   the	   use	   of	   an	   enhanced	  
recovery	   program	   produced	   mixed	   changes	   to	   the	   immunological	   response,	   with	  
significantly	  higher	  B-­‐cell	  counts,	  but	  significantly	  lower	  cytotoxic	  T-­‐cell	  counts	  at	  72	  hours.	  	  
The	   duration	   of	   the	   immunosuppression	   cannot	   be	   commented	   on	   as	   blood	   was	   only	  
sampled	   until	   72	   hours	   post-­‐surgery	   at	   which	   point	   none	   of	   the	   counts	   had	   returned	   to	  
baseline	  values.	  Further	  work	  should	   include	  a	   longer	  schedule	  of	  sampling	  to	  capture	  the	  
entire	  response.	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Finally,	   long-­‐term	  follow-­‐up	  to	   investigate	  recurrence	  rates	  and	  tumour-­‐free	  survival	  times	  
for	  patients	  in	  both	  groups	  may	  help	  to	  understand	  the	  clinical	  significance	  of	  these	  findings.	  
	  
4.9	   Morbidity	  data	  
The	   identification	   and	   classification	   of	   postoperative	  morbidity	   has	   been	   the	   subject	   of	   a	  
great	  deal	  of	  work	  over	  recent	  years.	  A	  variety	  of	  different	  systems	  has	  been	  developed	  but	  
there	   remains	   no	   consensus	   on	   the	   optimum	  method,	   meaning	   comparison	   of	   outcome	  
data	  between	  centres	  continues	  to	  be	  a	  challenge	  (Horton,	  1996;	  Dindo	  et	  al,	  2004;	  Clavien	  
et	  al,	  2009).	  	  This	  study	  reported	  postoperative	  morbidity	  using	  two	  different	  methods;	  the	  
postoperative	   morbidity	   survey	   (POMS)	   (Bennett-­‐Guerrero	   et	   al,	   1999);	   and	   the	  
conventional	   list-­‐based	  method	  with	   the	   Clavien-­‐Dindo	   classification	   (Clavien	   et	   al,	   1992;	  
Clavien	  et	   al,	   2009).	   The	   reported	   incidence	  of	  postoperative	  morbidity	   in	  patients	   in	   this	  
study	   differed	   depending	   on	   which	   of	   these	   methods	   was	   used.	   Using	   the	   POMS	   the	  
incidence	  of	   postoperative	  morbidity	  was	   26.7%	   in	   the	   standard	   group	   versus	   13%	   in	   the	  
ERP	   group,	   however	   using	   the	   conventional	   method	   the	   incidence	   was	   31.1%	   in	   the	  
standard	  group	  versus	  17.4%	   in	   the	  ERP	  group.	  Whilst	  both	  methodologies	   found	  a	   trend	  
towards	   a	   reduced	   incidence	   of	   postoperative	   morbidity	   in	   the	   ERP	   group	   neither	   was	  
statistically	   significant.	   The	   discrepancy	   between	   methodologies	   highlights	   the	   problems	  
with	   identifying	   and	   reporting	   postoperative	   morbidity.	   In	   this	   case	   the	   difference	   arose	  
because	  four	  patients	  (two	  in	  each	  group)	  developed	  complications	  specific	  to	  liver	  surgery	  
(three	  had	  bile	  leaks	  and	  one	  had	  transient	  hepatic	  insufficiency)	  which	  did	  not	  trigger	  any	  
of	   the	   POMS	   domains	   and	   therefore	   were	   not	   identified	   by	   POMS.	   Whilst	   all	   of	   these	  
patients	   recovered	  without	   the	  need	   for	  active	   treatment,	   their	  discharge	  was	  delayed	  by	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these	   complications.	   	   It	  would	   seem	   from	   this	   finding	   that	   in	   the	   context	   of	   liver	   surgery	  
POMS	   may	   be	   less	   sensitive	   than	   recording	   all	   complications	   in	   a	   conventional	   manner.	  	  
However,	   this	   trial	   was	   not	   designed	   or	   powered	   to	   examine	   this	   and	   a	   specific	   study	  
comparing	  the	  two	  methodologies	  in	  this	  context	  is	  required.	  	  	  
Patients	  who	  develop	  a	  postoperative	  complication	  are	  at	   increased	   risk	  of	  poor	  outcome	  
both	  in	  the	  short-­‐term	  (Khan	  et	  al,	  2006)	  and	  long-­‐term	  (Khuri	  et	  al,	  2005).	  One	  of	  the	  risks	  
for	  the	  development	  of	  further	  complications	  is	  related	  to	  the	  initial	  one:	  e.g.	  a	  patient	  who	  
develops	  postoperative	  ileus	  may	  vomit,	  increasing	  the	  risk	  of	  aspiration	  pneumonia	  which,	  
if	   it	   occurs,	  may	   hinder	  mobilisation	   and	   increase	   the	   risk	   of	   VTE.	   Further	   analysis	   of	   the	  
POMS	   data	   from	   this	   study	   revealed	   that	   although	   the	   total	   number	   of	   patients	   with	  
complications	  was	  not	  significantly	  different	  between	  groups,	  the	  number	  of	  patients	  who	  
developed	  multiple	  complications	  was	  significantly	  higher	  in	  the	  standard	  group	  (nine	  versus	  
two	   in	   the	  ERP	  group,	   p<0.027).	   This	   could	  be	  because	   the	   complications	   suffered	  by	   the	  
patients	  in	  the	  ERP	  group	  were	  less	  severe	  meaning	  they	  were	  able	  to	  overcome	  them	  more	  
quickly	  and	  were	  therefore	  less	  likely	  to	  develop	  further	  complications.	  This	  may	  be	  due	  to	  
the	  fact	  that	  patients	  in	  the	  ERP	  group	  were	  in	  a	  better	  physical	  condition	  to	  deal	  with	  the	  
postoperative	  complication	  when	  it	  occurred,	  thus	  they	  recovered	  more	  quickly	  and	  did	  not	  
develop	  subsequent	  problems.	  It	  is	  also	  possible	  that	  patients	  in	  the	  ERP	  with	  a	  complication	  
were	  identified	  and	  treated	  more	  quickly	  as	  result	  of	  being	  in	  a	  structured	  pathway	  of	  care.	  
Unfortunately	   it	   is	  not	  possible	   from	  this	  work	  to	  ascertain	   the	  precise	  reason	  behind	  this	  
finding.	   One	   of	   the	   limitations	   of	   the	   POMS	   methodology	   is	   that	   it	   does	   not	   grade	   the	  
severity	  of	  individual	  complications	  (whereas	  the	  Clavien-­‐Dindo	  method	  does).	  	  
Although	   there	  was	   no	   significant	   difference	   in	   overall	  morbidity	   between	   groups,	   it	   was	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noted	   that	   postoperative	   complications	   fell	   broadly	   into	   two	   categories	   –	   ‘general’	  
postoperative	  complications	  that	  might	  occur	  after	  any	  type	  of	  surgical	  procedure	  and	  ‘liver	  
surgery-­‐specific’	  complications	  that	  occur	  as	  a	  direct	  result	  of	  the	  surgery	  itself	  e.g.	  hepatic	  
insufficiency	   as	   a	   result	   of	   an	   over-­‐extensive	   resection.	   When	   the	   complications	   were	  
divided	  up	  in	  this	  way	  and	  analysed	  it	  emerged	  that	  whilst,	  as	  might	  be	  expected,	  there	  was	  
no	  difference	   in	   the	   incidence	  of	   liver	   surgery-­‐specific	   complications	  between	  groups,	   the	  
number	  of	  patients	  with	  general	  complications	  was	  significantly	   reduced	   in	   the	  ERP	  group	  
(three	   versus	   twelve	   in	   the	   standard	   group,	   p=0.01).	   Dividing	   the	   complications	   in	   this	  
manner	  is	  valid	  as	  it	  is	  not	  reasonable	  to	  expect	  an	  enhanced	  recovery	  pathway	  to	  have	  an	  
impact	  on	  complications	  that	  are	  a	  specific	  inherent	  risk	  of	  this	  type	  of	  surgery,	  but	  rather	  it	  
may	  reduce	  the	  incidence	  of	  general	  complications	  such	  postoperative	  pneumonia	  or	  VTE.	  
Finally,	   the	  severity	  of	  all	  postoperative	  complications	  was	  graded	  using	  the	  Clavien-­‐Dindo	  
classification	   system.	   The	   number	   of	   ‘minor’	   (Clavien-­‐Dindo	   grade	   I)	   and	   ‘major’	   (Clavien-­‐
Dindo	  grades	  II-­‐V)	  complications	  were	  then	  compared	  between	  groups.	  Comparison	  of	  liver	  
surgery-­‐specific	   complications	   again	   showed	   no	   significant	   difference	   between	   groups,	  
however	   comparison	   of	   general	   complications	   revealed	   a	   significantly	   greater	   number	   of	  
major	  complications	  occurred	  in	  the	  standard	  group	  (eleven	  versus	  three	  in	  the	  ERP	  group,	  
p=0.022).	   Looking	   at	   the	   morbidity	   data	   as	   a	   whole,	   this	   RCT	   showed	   that	   patients	  
undergoing	   an	   ERP	   had	   a	   significantly	   reduced	   incidence	   of	   general	   postoperative	  
complications	   and	   in	   particular	   a	   significantly	   reduced	   incidence	   of	   ‘major’	   complications	  
(those	  which	   required	  active	   treatment)	  when	  compared	  with	  patients	   receiving	   standard	  
perioperative	   care.	   	   There	   was,	   however,	   no	   difference	   in	   liver	   surgery-­‐specific	  
complications	  between	  groups.	  These	  findings	  are	  in	  keeping	  with	  results	  seen	  from	  similar	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work	  done	  in	  other	  surgical	  specialties,	  particularly	  colorectal	  surgery	  (King	  et	  al,	  2006;	  Wind	  
et	  al,	  2006;	  Varadhan	  et	  al,	  2010).	  	  It	   is	  also	  important	  to	  note	  the	  effect	  on	  postoperative	  
morbidity	  occurred	  despite	  the	  fact	  that	  there	  was	  a	  significantly	  greater	  number	  of	  major	  
resections	  and	  malignancy	  in	  the	  ERP	  group.	  	  
	  
4.10	   Morbidity	  and	  the	  stress	  response	  
All	   parameters	   of	   the	   stress	   response	   were	   evaluated	   in	   the	   context	   of	   postoperative	  
morbidity.	   The	   following	   groups	   were	   compared;	   patients	   with	   morbidity	   versus	   those	  
without;	  patients	  with	  more	  than	  one	  complication	  versus	  those	  with	  one	  or	  none;	  patients	  
with	  Clavien-­‐Dindo	  grade	  II-­‐V	  complications	  versus	  those	  with	  grade	  I	  or	  no	  complications.	  
The	   responses	   of	   four	   of	   the	   parameters,	   IL-­‐6,	   IL-­‐8,	   IL-­‐10	   and	   CRP	   were	   found	   to	   be	  
significantly	  different	  between	  patients	  in	  all	  of	  these	  groups.	  	  
When	  analysed	  in	  this	  way	  the	  IL-­‐6	  and	  IL-­‐8	  response	  were	  very	  similar,	  namely	  they	  both	  
peaked	  at	  six	  hours	  postoperatively	  and	  were	  significantly	  higher	  in	  patients	  with	  morbidity	  
compared	  to	  those	  without.	  In	  addition,	  these	  cytokines	  were	  also	  significantly	  higher	  at	  six	  
hours	   in	   patients	   with	   multiple	   complications	   compared	   to	   those	   with	   a	   single	   or	   no	  
complications	  and	  also	  significantly	  higher	  at	  six	  hours	  in	  patients	  with	  major	  complications	  
versus	  those	  with	  minor	  or	  no	  complications.	  	  Therefore,	  they	  were	  not	  just	  associated	  with	  
the	  presence	  of	  morbidity,	  but	  also	  it’s	  severity.	  Both	  IL-­‐6	  and	  IL-­‐8	  are	  key	  pro-­‐inflammatory	  
cytokines	   and	   previous	   work	   has	   shown	   that	   patients	   with	   postoperative	   complications	  
exhibit	   a	   significantly	   greater	   IL-­‐6	  and	   IL-­‐8	   response,	   and	  moreover	   this	   is	  proportional	   to	  
the	   severity	  of	   the	   complication	   (Kimura	  et	   al,	   2006;	  Oka	  Y	   et	   al,	   1992;	   Strey	   et	   al,	   2011;	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Szczepanik	   et	   al,	   2011).	   This	   has	   led	   to	   research	   into	   their	   use	   as	   potential	   markers	   to	  
identify	  patients	  at	  high	   risk	  of	  developing	  postoperative	  complications.	   	  An	  observational	  
study	  of	  26	  patients	  undergoing	   liver	  resection	  found	  elevated	   levels	  of	   IL-­‐6	  and	   IL-­‐8	  at	  4-­‐
hours	  postoperatively	  and	  were	  associated	  with	  subsequent	  development	  of	  complications	  
(Strey	  et	  al,	  2011).	   In	  practice	  using	  cytokines	   in	  this	  way	  remains	  a	  challenge	  due	  to	  their	  
relative	   instability	   in	   vitro	   and	  most	   hospital	   laboratories	   in	   the	  UK	   do	   not	   offer	   cytokine	  
analysis	  as	  part	  of	  their	  routine	  service.	  In	  addition,	  IL-­‐6	  and	  IL-­‐8	  only	  allow	  identification	  of	  
high-­‐risk	  individuals	  in	  the	  postoperative	  period	  –	  a	  more	  useful	  marker	  would	  be	  one	  that	  
allows	  preoperative	   identification	  but	  as	  yet	  none	  exists.	  However,	   the	   results	  of	   this	   trial	  
add	  support	  to	  the	  work	  done	  by	  Strey	  et	  al	  and	  suggests	  further	  research	  will	  be	  valuable.	  	  	  
IL-­‐10	  was	  also	  significantly	  higher	  in	  patients	  with	  postoperative	  morbidity,	  at	  six	  hours	  but	  
also	   at	   48	   and	   72	   hours	   postoperatively.	   IL-­‐10	   is	   the	   principal	   anti-­‐inflammatory	   cytokine	  
released	  as	  part	  of	   the	   cytokine	   cascade.	   Its	   role	   in	   a	   ‘normal’	   response	   is	   to	  balance	   the	  
effects	  of	  the	  pro-­‐inflammatory	  cytokines	  (principally	  IL-­‐6)	  and	  several	  groups	  have	  used	  the	  
ratio	   of	   IL-­‐6:IL-­‐10	   to	   examine	   the	   nature	   of	   the	   stress	   response	   in	   a	   variety	   of	   settings	  
(Gogos	  et	  al,	  2000;	  Sander	  et	  al	  2002;	  Simpson	  et	  al,	  2000).	  	  An	  elevated	  IL-­‐6:IL-­‐10	  ratio	  has	  
been	  associated	  with	  poor	  outcome	  and	   increased	  mortality	   in	   ICU	  patients	  with	  systemic	  
inflammatory	  syndrome	  (Taniguchi	  et	  al,	  1999),	  however	  another	  study	  of	  alcoholic	  patients	  
found	   that	   a	   depressed	   IL-­‐6:IL-­‐10	   ratio	   was	   associated	   with	   an	   increased	   risk	   of	  
postoperative	  infectious	  complications	  (Sander	  et	  al,	  2002).	  It	  is	  clear	  that	  any	  disturbances	  
in	   the	   balance	   of	   these	   cytokines	   may	   be	   associated	   with	   poor	   outcomes.	   In	   order	   to	  
maintain	  a	  stable	  ratio	  of	   IL-­‐6:IL-­‐10	  as	  one	  rises	  so	  must	  the	  other,	  and	  the	  elevated	   IL-­‐10	  
response	  seen	  in	  patients	  with	  morbidity	  in	  this	  trial	  correlates	  with	  a	  significant	  elevation	  in	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IL-­‐6.	   Elevations	   in	   both	   IL-­‐10	   and	   IL-­‐6	   have	   been	   associated	   with	   the	   development	   of	  
postoperative	  complications	  following	  liver	  surgery	  (Kimura	  et	  al,	  2006)	  and	  the	  data	  from	  
this	  study	  agrees	  with	  this	  earlier	  work.	  	  
Analysis	   of	   the	  CRP	   response	   in	   the	   context	   of	  morbidity	   produced	   an	  unexpected	   result.	  
CRP	   levels	  were	   significantly	   lower	  at	  24	  and	  48	  hours	   in	  patients	  who	  had	  postoperative	  
morbidity	   and	   also	   in	   patients	   with	   higher	   Clavien-­‐Dindo	   grade	   complications.	   CRP	   is	   an	  
acute	   phase	   protein	   and	   elevated	   CRP	   levels	   are	   found	   in	   a	   wide	   variety	   of	   pathologies,	  
including	   infection,	   inflammation,	   malignancy	   and	   trauma	   (Pepys	   &	   Hirschfield,	   2003).	  
Elevated	   CRP	   levels	   have	   been	   associated	  with	   postoperative	   infective	   complications	   in	   a	  
variety	  of	  surgeries	  including	  vascular,	  colorectal	  and	  orthopaedic	  (Laiho	  et	  al,	  2001;	  Owens	  
et	   al,	   2006;	   Platt	   et	   al,	   2012).	   However	   the	   routine	   monitoring	   of	   CRP	   levels	   following	  
surgery	   is	   controversial	   as	   CRP	   rises	   as	   part	   of	   the	   normal	   stress	   response	   reducing	   its	  
sensitivity	   as	   an	   indicator	   of	   infection.	   	   Recent	   work	   published	   by	   the	   Royal	   College	   of	  
Surgeons	  suggested	  that	  CRP	   levels	  were	  only	  of	  use	   in	  diagnosing	   infection	  after	  the	  first	  
three	  postoperative	  days	  (Cole	  et	  al,	  2008).	  	  
Given	  what	  is	  known	  about	  CRP	  it	  is	  perhaps	  reasonable	  to	  expect	  that	  CRP	  levels	  would	  be	  
higher	  in	  patients	  who	  suffered	  postoperative	  complications	  in	  this	  trial,	  however	  the	  results	  
have	  shown	  the	  reverse.	  Several	  factors	  may	  have	  contributed	  to	  this	  finding:	  	  	  
i)	   the	   sampling	   schedule	  only	  extended	   to	  72	  hours	  postoperatively	  which	  may	  be	  before	  
the	  time	  when	  CRP	  began	  to	  correlate	  meaningfully	  with	  complications.	  	  However,	  if	  so	  no	  
difference	  in	  CRP	  levels	  might	  be	  expected	  rather	  than	  the	  observed	  reduction.	  	  	  
ii)	   CRP	   is	   principally	   used	   to	   identify	   infective	   complications,	   however,	   the	   majority	   of	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complications	   in	  this	  trial	  were	  not	   infective	  therefore	  the	   impact	  of	  CRP	  as	  a	  marker	  may	  
have	  been	  reduced	  –	  again	  this	  would	  not	  explain	  why	  CRP	  levels	  were	  actually	  lower	  in	  the	  
morbidity	  group.	  	  
iii)	  	  CRP	  is	  produced	  by	  hepatocytes	  in	  response	  to	  IL-­‐6.	  	  Liver	  resection	  involves	  both	  direct	  
trauma	   to	  hepatocytes	  and	  a	   reduction	   in	   their	   total	  number.	   The	  net	   result	   is	   a	   reduced	  
amount	   of	   functioning	   liver	   parenchyma	   and	   a	   common	   surgery-­‐specific	   complication	   of	  
liver	   resection	   is	   hepatic	   insufficiency,	   which	   in	   severe	   cases	   can	   progress	   to	   acute	   liver	  
failure.	  Previous	  work	  has	  shown	  that	  CRP	  levels	  are	  actually	  reduced	  in	  patients	  with	  acute	  
liver	   failure	   (Silvestre	   et	   al,	   2010).	   In	   this	   trial	   six	   patients	   had	   postoperative	   hepatic	  
insufficiency	  with	  two	  of	  those	  progressing	  to	  acute	  liver	  failure	  and	  death.	  	  
iv)	  It	  is	  possible	  that	  a	  number	  of	  other	  patients	  had	  subclinical	  liver	  dysfunction	  which	  may	  
also	  had	  an	  effect	  on	  their	  CRP	  response.	  The	  overall	  impact	  of	  these	  factors	  may	  have	  led	  
to	  the	  reduction	  in	  CRP	  levels	  seen	  in	  patients	  with	  postoperative	  morbidity.	  
This	   trial	  demonstrated	  both	  a	   reduction	   in	  morbidity	   in	   the	  ERP	  group	  and	  patients	  with	  
morbidity	  had	  significantly	  elevated	  levels	  of	   IL-­‐6,	   IL-­‐8	  and	  IL-­‐10.	  Logically	   it	  may	  therefore	  
have	   been	   expected	   that	   IL-­‐6,	   IL-­‐8	   and	   IL-­‐10	   levels	   would	   be	   reduced	   in	   the	   ERP	   group,	  
however	  this	  was	  not	  the	  case,	  with	  no	  difference	  between	  groups.	  A	  number	  of	  factors	  that	  
may	  have	  contributed	  to	  this	  result	  have	  been	  discussed	  above	  (see	  sections	  4.1	  and	  4.2).	  In	  
addition,	   it	   is	  worth	  noting	   that	   the	  majority	   of	   patients	   did	   not	   suffer	   any	  postoperative	  
morbidity	   (69	   patients	   versus	   22	   patients	   with)	   and	   their	   ‘normal‘	   stress	   responses.	   This	  
coupled	   to	   the	   fact	   that	   between	   the	   two	   groups	   there	   was	   no	   significant	   difference	   of	  
overall	  incidence	  of	  morbidity,	  as	  well	  as	  liver	  surgery-­‐specific	  complications	  (which	  included	  
the	   patients	   with	   hepatic	   insufficiency	   and	   acute	   liver	   failure	   –	   perhaps	   the	  most	   severe	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complications)	  may	  result	  in	  similar	  cytokine	  levels.	  	  
	  
4.11	   Final	  conclusion	  
The	  enhanced	  recovery	  approach	  continues	  to	  gain	  popularity	  in	  the	  UK	  and	  is	  being	  rolled-­‐
out	  across	  Trusts	  nationally	  for	  an	  increasing	  variety	  of	  surgical	  procedures.	  Despite	  this,	  the	  
evidence	  for	  ER	  outside	  of	  colorectal	  surgery	  remains	  weak	  with	  very	  few	  high	  quality	  RCTs	  
published.	  This	  work	  was	  the	  first	  RCT	  for	  a	  complete	  ERP	   in	   liver	  resection	  surgery	  and	   it	  
demonstrated	   some	   of	   the	   clinical	   benefits	   of	   ER	   seen	   elsewhere	   -­‐	   a	   reduction	   of	  
postoperative	  morbidity	  and	  length	  of	  hospital	  stay.	  	  
The	   primary	   aim	   of	   this	   study	   was	   to	   examine	   the	   stress	   response	   following	   an	   ERP	  
compared	  with	   standard	  perioperative	   care	   in	   an	   attempt	   to	   demonstrate	   a	   physiological	  
basis	  for	  the	  clinical	  outcomes.	  The	  overall	  ‘stress	  response’	  was	  defined	  as	  a	  combination	  of	  
inflammatory,	  metabolic	  and	   immunological	  parameters.	  There	  were	  several	   limitations	  to	  
the	  study	  –	  more	  major	  resections	  and	  higher	  incidence	  of	  malignancy	  in	  the	  ERP	  group;	  the	  
control	  group	  also	  contained	  13	  of	  the	  20	  ERAS	  recommended	  elements;	  no	  consensus	  on	  
what	  constitutes	  a	  clinically	  significant	  change	   in	  the	  stress	  response	   leading	  to	  difficulties	  
with	  the	  power	  calculation,	  however	  this	  work	  produced	  two	  main	  findings.	  
	  Firstly	   the	   clinical	   benefits	   of	   an	   ERP	   in	   liver	   resection	  do	  not	   correlate	  with	   a	   significant	  
change	   in	   the	  cytokine	   response.	  The	  majority	  of	  patients	   in	  both	  groups	  demonstrated	  a	  
normal	   cytokine	   response	  with	   an	   appropriate	   perioperative	   rise	   and	   fall	   in	   the	   principal	  
mediators	  IL-­‐6,	  IL-­‐8	  and	  IL-­‐10.	  This	  adds	  weight	  to	  the	  argument	  that	  the	  benefits	  of	  ERP	  are	  
not	  due	  to	  an	  improvement	  in	  patient	  physiology,	  but	  rather	  is	  due	  to	  the	  effectiveness	  of	  a	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structured,	  standardised	  process	  of	  care	  encouraging	  patients	  to	  take	  control	  of	  their	  own	  
recovery	  and	  facilitating	  the	  early	  identification	  and	  management	  of	  complications.	  	  
Secondly,	  the	  ERP	  did	  produce	  a	  significant	  change	  of	  the	  cortisol	  and	  insulin	  responses.	  This	  
is	   the	   first	   RCT	   to	   demonstrate	   this	   and	   even	   more	   importantly	   correlate	   it	   with	   an	  
improvement	   in	   clinical	   outcomes.	   This	   is	   evidence	  of	   physiological	   change	  being	  brought	  
about	  by	  an	  ERP	  to	  produce	  a	  clinical	  benefit	  and	  supports	  the	  argument	  that	  ER	  works	  by	  
modifying	   the	   stress	   response.	   An	   additional	   inference	   is	   that	   this	   finding	  was	   principally	  
due	  to	  the	  six	  elements	  that	  were	  present	  in	  the	  ERP	  but	  not	  in	  the	  standard	  care	  pathway	  –	  
preoperative	   counselling,	   perioperative	   oral	   nutritional	   supplements,	   preoperative	   oral	  
carbohydrate	   loading,	   goal-­‐directed	   fluid	   therapy,	   early	   removal	   of	   urinary	   catheter	   and	  
early	  mobilisation.	  Although	  it	  is	  not	  possible	  to	  state	  definitively,	  previous	  work	  looking	  at	  
these	  elements	  would	  suggest	  the	  most	  likely	  of	  these	  to	  have	  produced	  this	  change	  are	  the	  
preoperative	   oral	   carbohydrate,	   perioperative	   nutritional	   supplements	   and	   goal-­‐directed	  
fluid	  therapy.	  	  
It	  is	  not	  possible	  to	  determine	  from	  this	  study	  if	  the	  benefits	  of	  ER	  in	  this	  case	  are	  due	  solely	  
to	   the	   modification	   of	   the	   cortisol	   and	   insulin	   response	   or	   are	   in	   addition	   to	   better	  
information	  and	  management	  of	  expectations	  and	  the	  effect	  of	  protocolising	  perioperative	  
care	   so	   that	   the	   right	   things	   happen	   at	   the	   right	   time	   every	   time.	   	   However,	   it	   may	   be	  
concluded	  that	  an	  ERP	   is	  effective	   in	   improving	  outcomes	  following	   liver	  resection	  surgery	  
and	   that	   this	   study	  provides	   evidence	   that	   part	   of	   its	   effect	   is	   due	   to	  modification	  of	   the	  
cortisol	  and	  insulin	  response.	  
In	   conclusion	   an	   ERP	   for	   liver	   resection	   significantly	   alters	   the	   postoperative	   cortisol	   and	  
insulin	   response	   and	   produces	   a	   reduction	   of	   complications	   and	   length	   of	   stay.	   However	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there	   is	  no	  evidence	   that	   it	  alters	  postoperative	  cytokine	  or	   immunological	   responses	  and	  
further	   large-­‐scale	   studies	   would	   be	   required	   to	   investigate	   this	   question	   further.	   The	  
question	  of	  the	  effect	  of	  ER	  on	  long-­‐term	  outcomes	  such	  five	  and	  ten-­‐year	  survival	  remains	  
to	  be	  answered	  by	   following	  the	  progress	  of	  cohorts	  of	  patients	  such	  as	   those	   involved	   in	  
this	  trial.	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Consent Form  
 
Title of Project: Enhanced Recovery in Liver Resection 
 
Name of Researchers: Dr Chris Jones & Dr Leigh Kelliher 
 
Please initial box 
 
• I the undersigned voluntarily agree to take part in the study on ……………….. 
 
• I confirm that I have read & understood the information sheet given to me. I have had the 
opportunity to consider the information, ask questions and have had these answered 
satisfactorily. 
 
• I agree to comply with any instruction given to me during the study and to co-operate fully 
with the investigators.   I shall inform them immediately if I suffer any deterioration of any 
kind in my health or well-being, or experience any unexpected or unusual symptoms. 
 
• I understand that all personal data relating to volunteers is held and processed in the strictest 
confidence, and in accordance with the Data Protection Act (1998). I agree that I will not seek 
to restrict the use of the results of the study on the understanding that my anonymity is 
preserved. 
 
• I understand that my participation is voluntary and that I am free to withdraw at any time, 
without giving any reason, without my medical care or legal rights being affected. 
 
• I understand that relevant sections of my medical notes and data collected during the study 
may be looked at by the clinical research team from the Royal Surrey County Hospital. I give 
permission for the researchers to access my records. 
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• I agree that blood samples will be obtained. I understand these are additional to normal 
practice & that they will not affect or delay my treatment. I agree that blood samples will be 
transferred to the University of Surrey for analysis. 
 
• I confirm that I have read and understood the above and freely consent to participating in this 
study.  I have been given adequate time to consider my participation and agree to comply with 
the instructions and restrictions of the study. 
 
Name of volunteer (BLOCK CAPITALS)       ........................................................  
 
Signed                   ........................................................  
 
Date  ......................................  
 
 
In the presence of (name of witness in BLOCK CAPITALS)          ........................................................  
 
Signed                        ........................................................   
 
Date  ...................................... 
 
Name of researcher/person taking consent (BLOCK CAPITALS)  ........................................................  
 
Signed                                         ........................................................  
 
Date                                                           ......................................  
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Liver	  Surgery	  Enhanced	  Recovery	  Programme	  
A	  Patient	  Checklist	  &	  Information	  Booklet	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Introduction 
The enhanced recovery programme for liver surgery is about improving the outcome of your 
surgery, speeding up your recovery period and reducing complications after your surgery. 
For the programme to be successful it is important that you participate in your own recovery 
programme, taking responsibility for certain aspects of your recovery and care. These 
include: 
 
• Optimizing your pre-operative health status 
• Reducing postoperative complications by changing the traditional surgical and 
anaesthetic methods 
• Early feeding after your operation 
• Early mobility after your operation 
• Setting nutritional & activity goals that need to be achieved before your discharge 
home 
 
Your daily goals will begin a few days before your surgery and your cooperation is important 
for the operation and your recovery to go well. 
 
The following sections outline what you are expected to achieve before and after your 
operation. Please take time to read the whole document and start to fill in the sections prior 
to coming to hospital. You will notice that there are only five days for you to fill in after your 
operation. This is because we are aiming for you to be ready to go home at this time. 
	  
	  
297	  
Three days before your operation   Date ../../.. 
(please tick the relevant boxes once completed) 
 
Drink one bottle of Fortisip three times a day 
 
10am ☐ 2pm ☐  6pm ☐ 
 
Two days before your operation    Date ../../.. 
(please tick the relevant boxes once completed) 
 
Drink one bottle of Fortisip three times a day 
 
10am ☐ 2pm ☐  6pm ☐ 
 
One day before your operation    Date ../../.. 
(please tick the relevant boxes once completed) 
 
Drink one bottle of Fortisip three times a day 
 
10am ☐ 2pm ☐  6pm ☐ 
 
 
Take the ‘Pre-Op’ drink as instructed  9pm ☐ 
(4 cartons = 800 mls total) 
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Morning of Surgery 
(please tick the relevant boxes once completed) 
 
Take the ‘Pre-Op’ drink as instructed  5.30am ☐ 
(2 cartons = 400mls total) 
 
 
After Surgery 
(please tick the relevant boxes once completed) 
 
 
Drink one bottle of Fortisip two times after your surgery, if possible 
 
1. ☐   2. ☐ 
 
 
Eat an evening meal, if possible 
 
¼ Portion ☐  ½ Portion ☐  Full Portion ☐ 
 
If you did not eat, why? 
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
…………………………………………………………………………… 
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Post-op Day One (please tick the relevant boxes once completed) 
 
Drink one bottle of Fortisip three times a day 
 
10am ☐ 2pm ☐  6pm ☐ 
 
Diet 
 ¼ Portion ½ 
Portion 
Full 
Portion 
If you did not eat, why? 
Breakfast     
Lunch     
Dinner     
 
It is important to start to mobilize, e.g. standing, sitting out in a chair or marching on the spot, 
rather than lying in bed. Therefore you should expect to mobilize with the physiotherapist 
(once a day) and the nursing staff (twice a day) 
 
Physiotherapist Yes ☐  No ☐  Why not? 
 
Nurses 
 Morning Yes ☐  No ☐  Why not? 
 
 Afternoon Yes ☐  No ☐  Why not? 
 
If there have been no complications you can expect to have any surgical drains removed by 
the end of the day 
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Surgical drains out? Yes ☐  No ☐  N/A ☐   Why not? 
 
By the end of the day you should be able to take oral painkillers 
 
Commenced oral painkillers?  Yes ☐  No ☐  Why not?  
 
You should start to think about what things need to be achieved before you can be 
discharged home 
 
Adequate pain control requiring only oral painkillers Yes ☐  No ☐ 
Adequate oral intake (food & drink)   Yes ☐  No ☐ 
Bowels opened     Yes ☐  No ☐ 
Passing urine      Yes ☐  No ☐ 
Independent mobility     Yes ☐  No ☐ 
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Post-op Day Two (please tick the relevant boxes once completed) 
 
Drink one bottle of Fortisip three times a day 
 
10am ☐ 2pm ☐  6pm ☐ 
 
Diet 
 ¼ Portion ½ 
Portion 
Full 
Portion 
If you did not eat, why? 
Breakfast     
Lunch     
Dinner     
 
Your epidural, central line (in your neck), drips in your arms and urinary catheter should be 
removed or disconnected this morning to help you mobilize 
 
Epidural out?   Yes ☐  No ☐  Why not? 
Drips out or disconnected? Yes ☐  No ☐  Why not? 
Catheter out?   Yes ☐  No ☐  Why not? 
 
It is important to start to mobilize rather than lying in bed, therefore you are expected to 
mobilize with the physiotherapist (once a day) and the nursing staff (twice a day). Today you 
should also aim to take a short walk on the ward 
 
Physiotherapist Yes ☐  No ☐  Why not? 
 
Nurses 
 Morning Yes ☐  No ☐  Why not? 
Afternoon Yes ☐  No ☐  Why not? 
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Pain relief. Commenced oral painkillers? 
 
 Yes ☐  No ☐  Why not? 
 
If there have been no complications you can expect to have any surgical drains removed 
 
Surgical drains out? Yes ☐  No ☐  N/A ☐  Why not? 
 
You should start to think about what things need to be achieved before you can be 
discharged home 
 
Adequate pain control requiring only oral painkillers Yes ☐  No ☐ 
Adequate oral intake (food & drink)   Yes ☐  No ☐ 
Bowels opened     Yes ☐  No ☐ 
Passing urine      Yes ☐  No ☐ 
Independent mobility     Yes ☐  No ☐ 
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Post-op Day Three (please tick the relevant boxes once completed) 
 
Drink one bottle of Fortisip three times a day 
 
10am ☐ 2pm ☐  6pm ☐ 
 
Diet 
 ¼ Portion ½ 
Portion 
Full 
Portion 
If you did not eat, why? 
Breakfast     
Lunch     
Dinner     
 
Your epidural, central line (in your neck), drips in your arms and urinary catheter should now 
all be removed or disconnected 
 
Epidural out?   Yes ☐  No ☐  Why not? 
Drips out or disconnected? Yes ☐  No ☐  Why not? 
Catheter out?   Yes ☐  No ☐  Why not? 
 
It is important to start to mobilize rather than lying in bed, therefore you are expected to 
mobilize with the physiotherapist (once a day) and the nursing staff (twice a day). Today you 
should also aim to take a walk on the ward four times 
 
Physiotherapist Yes ☐  No ☐  Why not? 
 
Nurses 
 Morning Yes ☐  No ☐  Why not? 
Afternoon Yes ☐  No ☐  Why not? 
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Walk on ward  1☐  2☐  3☐  4☐ 
 
Pain relief. Commenced oral painkillers? 
 
 Yes ☐  No ☐  Why not? 
 
You should start to think about what things need to be achieved before you can be 
discharged home 
 
Adequate pain control requiring only oral painkillers Yes ☐  No ☐ 
Adequate oral intake (food & drink)   Yes ☐  No ☐ 
Bowels opened     Yes ☐  No ☐ 
Passing urine      Yes ☐  No ☐ 
Independent mobility     Yes ☐  No ☐ 
 
Ready for discharge?  Yes ☐  No ☐  Why not? 
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Post-op Day Four (please tick the relevant boxes once completed) 
 
Drink one bottle of Fortisip three times a day 
 
10am ☐ 2pm ☐  6pm ☐ 
 
Diet 
 ¼ Portion ½ 
Portion 
Full 
Portion 
If you did not eat, why? 
Breakfast     
Lunch     
Dinner     
 
Your epidural, central line (in your neck), drips in your arms and urinary catheter should now 
all be removed or disconnected 
 
Epidural out?   Yes ☐  No ☐  Why not? 
Drips out or disconnected? Yes ☐  No ☐  Why not? 
Catheter out?   Yes ☐  No ☐  Why not? 
 
It is important to start to mobilize rather than lying in bed, therefore you are expected to 
mobilize with the physiotherapist (once a day) and the nursing staff (twice a day). Today you 
should also aim to take a walk on the ward four times 
 
Physiotherapist Yes ☐  No ☐  Why not? 
 
Nurses 
 Morning Yes ☐  No ☐  Why not? 
Afternoon Yes ☐  No ☐  Why not? 
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Walk on ward  1☐  2☐  3☐  4☐ 
 
Pain relief. Commenced oral painkillers? 
 
 Yes ☐  No ☐  Why not? 
 
You should start to think about what things need to be achieved before you can be 
discharged home 
 
Adequate pain control requiring only oral painkillers Yes ☐  No ☐ 
Adequate oral intake (food & drink)   Yes ☐  No ☐ 
Bowels opened     Yes ☐  No ☐ 
Passing urine      Yes ☐  No ☐ 
Independent mobility     Yes ☐  No ☐ 
 
Ready for discharge?  Yes ☐  No ☐  Why not? 
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Post-op Day Five (please tick the relevant boxes once completed) 
 
Drink one bottle of Fortisip three times a day 
 
10am ☐ 2pm ☐  6pm ☐ 
 
Diet 
 ¼ Portion ½ 
Portion 
Full 
Portion 
If you did not eat, why? 
Breakfast     
Lunch     
Dinner     
 
Your epidural, central line (in your neck), drips in your arms and urinary catheter should now 
all be removed or disconnected 
 
Epidural out?   Yes ☐  No ☐  Why not? 
Drips out or disconnected? Yes ☐  No ☐  Why not? 
Catheter out?   Yes ☐  No ☐  Why not? 
 
It is important to start to mobilize rather than lying in bed, therefore you are expected to 
mobilize with the physiotherapist (once a day) and the nursing staff (twice a day). Today you 
should also aim to take a walk on the ward four times 
 
Physiotherapist Yes ☐  No ☐  Why not? 
 
Nurses 
 Morning Yes ☐  No ☐  Why not? 
Afternoon Yes ☐  No ☐  Why not? 
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Walk on ward  1☐  2☐  3☐  4☐ 
 
Pain relief. Commenced oral painkillers? 
 
 Yes ☐  No ☐  Why not? 
 
You should start to think about what things need to be achieved before you can be 
discharged home 
 
Adequate pain control requiring only oral painkillers Yes ☐  No ☐ 
Adequate oral intake (food & drink)   Yes ☐  No ☐ 
Bowels opened     Yes ☐  No ☐ 
Passing urine      Yes ☐  No ☐ 
Independent mobility     Yes ☐  No ☐ 
 
Ready for discharge?  Yes ☐  No ☐  Why not? 
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The booklet is now complete, please place it in the pre-paid envelope 
provided and post it. 
 
 
Thank you very much for agreeing to participate in the trial. 
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Useful Contacts 
 
For any questions or concerns regarding your operation or clinical care, please 
contact Laura Spring (Clinical Nurse Specialist in Liver Surgery) 
Tel: 01483 402779 ext 6890 
For any questions or concerns regarding the trial, please contact either: 
Dr Chris Jones  Tel: 07899894389 
Or 
Dr Leigh Kelliher  Tel: 07813659948 
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Clinical Trial for Patients Having Liver Resection 
Surgery 
 
 
Data Collection  
Booklet  
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Pre-op 
 
Consent:      □ 
 
Fortisips:  
 Given to pt: (9 in total)   □    Taken:
     □ 
 
Carbohydrate drink (pre-op):   
 Given to pt:    □ 
 Taken: (x8)21:00 night before □ 
   (x4)2 hours pre-op □ 
 
Blood test (1) on cannula insertion  □ 
 
EQ5D:      □     
 
Demographic details: 
Height: 
Weight: 
PMHx: 
 
Drug Hx: 
 
ASA:………..       
 
Age:…………       
 
Sex:…………      
 
PVE?    Y □  N □ 
 
Pre-op chemo:    Y □  N □  Date finished: 
 
CPEX   Y □  N □ 
 
If Y:  AT  
 VO2 max 
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P-POSSUM: 
Physiological Variables: 
Age: 
Cardiac: No cardiac failure       □ 
  Diuretic, digoxin, Tx for angina or BP     □ 
  Peripheral oedema, warfarin, borderline cardiomyopathy   □ 
  Raised JVP, cardiomyopathy      □ 
Resp: No dyspnoea        □ 
  Dyspnoea on exertion, mild COPD     □ 
  Limiting dyspnoea, mod COPD 
  Dyspnoea at rest, pulmonary fibrosis/consolidation on CXR  □  
ECG:  ECG Normal        □ 
  ECG = AF rate 60-90       □ 
  ECG= any other abN rhythm, >4/min ectopics, Q waves, ST/T changes □ 
Systolic BP:  
Pulse rate:  
Hb: (g/dl) 
WBC: 
Urea: 
Sodium: 
Potassium: 
GCS:  
 
Operative Parameters: 
Operation type = major + 
No of procedures = one 
Operative blood loss:  <100mls      □ 
    101-500 ml      □ 
    501-999 ml      □ 
    >1000 ml      □ 
Peritoneal contamination : No soiling 
Malignancy status: not malignant      □ 
    Primary malignancy only 
    Malignancy + nodal mets 
    Malignancy + distant mets    □ 
CEPOD:   Elective 
 
 Physiology score:   ……………. 
 Operative severity score:  ……………. 
 Morbidity % (from POSSUM) ……………. 
 Mortality %    …............... 
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REVISED	  CARDIAC	  RISK	  INDEX	  
(Lee Circulation 1999; 100:1043-1049) 
 
Each risk factor is assigned one point. 
	  
1.	  High-­‐risk	  surgical	  procedures	  	   	   	   	   	   □	  
• Yes 
	  
2.	  History	  of	  ischemic	  heart	  disease	   	   	   	   	   	   □	  
• History of myocardial infarction 
• History of positive exercise test 
• Current complain of chest pain considered secondary to myocardial ischemia 
• Use of nitrate therapy 
• ECG with pathological Q waves 
	  
3.	  History	  of	  congestive	  heart	  failure	   	   	   	   	   	   □	  
• History of congestive heart failure 
• Pulmonary oedema 
• Paroxysmal nocturnal dyspnoea 
• Bilateral rales or S3 gallop 
• Chest radiograph showing pulmonary vascular redistribution 
	  
4.	  History	  of	  cerebrovascular	  disease	   	   	   	   	   	   □	  
• History of transient ischemic attack or stroke 
	  
5.	  Preoperative	  treatment	  with	  insulin	   	   	   	   	   	   □	  
	  
6.	  Preoperative	  serum	  creatinine	  >150	  μmol/l	   	   	   	   □	  
	  
RISK	  OF	  MAJOR	  CARDIAC	  EVENT	  
Points  Class   Risk 
0   I   0.4%  □ 
1   II    0.9%  □ 
2    III    6.6%  □ 
3 or more  IV   11%  □ 
 
"Major cardiac event" includes myocardial infarction, pulmonary oedema, ventricular 
fibrillation, primary cardiac arrest, and complete heart block 
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Post-op (ICU) 
 
Time Zero (ie end of liver resection): ......... 
 
Time of End of Surgery:   ....... 
 
Post-op bloods(2)- 6 hours post-liver resection  □ 
 
Oral fluids:       □ 
 
Oral diet:       □ 
 
Time from end of surgery to first oral intake:………….  
 
Bowel sounds:    Y □  N □ 
 
Flatus:     Y □  N □ 
 
Bowels open:    Y □  N □ 
 
Mobilising:       □ 
Time from end of surgery to mobilisation:…………….. 
 
 
 
Pain score:………………    
VAS 0-10 
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Surgical data: 
 
Operation performed: 
 
Weight of liver resected: 
 
Complications: 
 
Blood loss: 
 
Pringle manoeuvre: Y □  N □ 
 
Length of clamping: mins 
 
Duration of operation: 
 
 Time of induction: 
  
 Knife to skin: 
 
 End of operation: 
 
Time Zero:
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Continuation chart in ICU  
 
Hours 1 2 3 4 5 6 24 
Pulse        
MAP        
UO        
Fluid vol: 
Colloid        
Crystalloid        
Other (FFP 
etc)        
Vasopressors        
Inotrope        
CvO2        
Lactate        
aCO2        
mvCO2        
Intubated?        
 
For standard group: which end point used: ?Lactate, CVP, CvO2 etc 
 
Insulin:   Y □  N □ 
 
Total fluid given: 
 
6 hours: 
 
24 hours: 
 
Blood given:    Y □  N □  No. of Units: 
 
Clotting Factors:  FFP: 
    Plts: 
    Cryo:
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Post-op Day 1 ICU 
 
Bloods (3): 24hrs post KTS …….   □ 
 
Tolerating Oral intake:  Y □  N□ 
 
Bowel sounds:    Y □  N □ 
 
Flatus:     Y □  N □ 
 
Bowels open:    Y □  N □   
 
Mobilising:    Y□  N□ 
 To chair:  □ 
 To ward:  □  
 Independent: □ 
 
Pain score:……………... 
 
Rescue analgesia used? 
Dose of morphine needed: …….. 
 
 
Surgical drains out:  Y □  N □ 
 
Central line out:   Y □  N □ 
 
IVI stopped:   Y □  N □ 
 
Urinary Catheter out:  Y □  N □ 
 
Epidural out:   Y □  N □ 
 
 
NB: Write up regular analgesia for ERP group (PRN for standard) 
 Paracetamol 1g BD  (if LFT’s OK) 
 Tramadol  50mg TDS 
 Voltarol  50mg BD/TDS (if serum creat <110 mmol/L) 
 
Plus rescue Oramorph 10mg 3 hourly. 
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Post-op day 2 ICU 
Diamorphine 3mg via epidural am 
 
Bloods (4): 48 hrs post liver resection  □ 
 
Tolerating Oral intake:  Y □  N□ 
 
Bowel sounds:    Y □  N □ 
 
Flatus:     Y □  N □ 
 
Bowels open:    Y □  N □   
 
Mobilising:    Y□  N□ 
 To chair:  □ 
 To ward:  □  
 Independent: □ 
 
Pain score:……………... 
 
Rescue morphine used (Total mg): 
 
 
Surgical drains out:  Y □  N □  Time out 
         (hours post-op) 
 
Central line out:   Y □  N □  Time out 
 
IVI stopped:   Y □  N □  Time off 
 
Urinary Catheter out:  Y □  N □  Time out 
 
Epidural out:   Y □  N □  Time out: 
 
EQ5D:   □
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Post-op day 3 
 
Level? 1,2,3 etc  ………… 
Bloods (5): 72 hrs post    □ 
 
Tolerating Oral intake:  Y □  N□ 
 
Bowel sounds:    Y □  N □ 
 
Flatus:     Y □  N □ 
 
Bowels open:    Y □  N □   
 
Mobilising:    Y□  N□ 
 To chair:  □ 
 To ward:  □  
 Independent: □ 
 
Pain score:……………... 
 
Total morphine rescue in last 24 hours: 
 
 
Surgical drains out:  Y □  N □  Time out 
         (hours post-op) 
 
Central line out:   Y □  N □  Time out 
 
IVI stopped:   Y □  N □  Time off 
 
Urinary Catheter out:  Y □  N □  Time out 
(+ need for re-catheterisation Y/N) 
Epidural out:   Y □  N □  Time out: 
 
EQ5D:   □ 
 
POMS:    
 Pulmonary: □  Infectious: □  Renal:  □ 
GI:  □  CVS:   □  Neuro: □ 
Haem: □  Wound:  □  Pain:  □ 
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Defn see below: 
 
Pulmonary: Pt developed a new requirement for O2 or respiratory 
support 
 
Infectious: Currently on antibiotics +/or Temp >38 °C in last 24 hr 
 
Renal: Oliguria (<500 ml in 24 hr), ↑ serum creatinine (>30% of pre-
op level), re-catheterised. 
 
GI:  Unable to tolerate an enteral diet for any reason inc N+V, 
abdominal distension 
 
CVS:  New MI, ischaemia, ↓BP requiring fluid or inotropes, atrial or 
ventricular arrhythmia, cardiogenic pulmonary oedema, thrombotic 
event. 
 
Neuro: New focal or neurological deficit, confusion, delirium or coma 
 
Haem: Need for blood, platelets, FFP or cryoprecipitate 
 
Wound: wound dehiscence requiring surgical exploration or drainage 
of pus 
 
Pain:  new post-op pain requiring parenteral opioids 
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Post-op day 4: 
 
Level? 1,2,3 etc  ………… 
 
Tolerating Oral intake:  Y □  N□ 
 
Bowel sounds:    Y □  N □ 
 
Flatus:     Y □  N □ 
 
Bowels open:    Y □  N □   
 
Mobilising:    Y□  N□ 
 To chair:  □ 
 To ward:  □  
 Independent: □ 
 
Pain score:……………... 
 
Total morphine rescue in last 24 hours: 
 
Surgical drains out:  Y □  N □  Time out 
         (hours post-op) 
 
Central line out:   Y □  N □  Time out 
 
IVI stopped:   Y □  N □  Time off 
 
Urinary Catheter out:  Y □  N □  Time out 
(+ need for re-catheterisation Y/N) 
 
Epidural out:   Y □  N □  Time out: 
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Post-op day 5: 
 
Level? 1,2,3 etc  ………… 
 
Tolerating Oral intake:  Y □  N□ 
 
Bowel sounds:    Y □  N □ 
 
Flatus:     Y □  N □ 
 
Bowels open:    Y □  N □   
 
Mobilising:    Y□  N□ 
 To chair:  □ 
 To ward:  □  
 Independent: □ 
 
Pain score:……………... 
 
Total morphine rescue in last 24 hours: 
 
Surgical drains out:  Y □  N □  Time out 
         (hours post-op) 
 
Central line out:   Y □  N □  Time out 
 
IVI stopped:   Y □  N □  Time off 
 
Urinary Catheter out:  Y □  N □  Time out 
(+ need for re-catheterisation Y/N) 
 
Epidural out:   Y □  N □  Time out: 
 
EQ5D:   □ 
 
POMS:    
 Pulmonary: □  Infectious: □  Renal:  □ 
GI:  □  CVS:   □  Neuro: □ 
Haem: □  Wound:  □  Pain:  □ 
 
Discharge criteria met?:    □ 
  
If not why not:…. 
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-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
 
Post-op day 6 
 
Level? 1,2,3 etc  ………… 
 
Pain score............... 
 
Total morphine rescue in last 24 hours: 
 
Discharge criteria met?:    □ 
 
If not why not:…. 
  
-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
Post-op day 7 
 
Level? 1,2,3 etc  ………… 
 
Pain score............... 
 
Total morphine rescue in last 24 hours: 
 
EQ5D: 
 
Discharge criteria met?:    □ 
If not why not:…. 
  
  
-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
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 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
 
 
 
Post-op day 8 
 
Pain score............... 
Total morphine rescue in last 24 hours: 
 
 
POMS:    
 Pulmonary: □  Infectious: □  Renal:  □ 
GI:  □  CVS:   □  Neuro: □ 
Haem: □  Wound:  □  Pain:  □ 
 
Discharge criteria met?:    □ 
 
If not why not:…. 
  
  
-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
 
 
Post-op day 9 
 
Pain score............... 
 
Total morphine rescue in last 24 hours: 
 
Discharge criteria met?:    □ 
If not why not:…. 
  
  
-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
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 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
Post-op day 10 
 
EQ5D: □ 
 
Pain score............... 
 
Total morphine rescue in last 24 hours: 
 
Discharge criteria met?:    □ 
If not why not:…. 
  
  
-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
Post-op day 11 
 
Pain score............... 
 
Total morphine rescue in last 24 hours: 
 
Discharge criteria met?:    □ 
If not why not:…. 
  
  
-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
 
 
Post-op day 12 
 
Pain score............... 
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Total morphine rescue in last 24 hours: 
 
Discharge criteria met?:    □ 
If not why not:…. 
  
  
-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
Post-op day 13 
 
Pain score............... 
 
Total morphine rescue in last 24 hours: 
 
Discharge criteria met?:    □ 
If not why not:…. 
  
  
-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
Post-op day 14 
 
EQ5D: □ 
 
Pain score............... 
 
Total morphine rescue in last 24 hours: 
 
Discharge criteria met?:    □ 
If not why not:…. 
  
  
-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
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 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
Post-op day 15 
 
POMS:    
 Pulmonary: □  Infectious: □  Renal:  □ 
GI:  □  CVS:   □  Neuro: □ 
Haem: □  Wound:  □  Pain:  □ 
 
Pain score............... 
 
Total morphine rescue in last 24 hours: 
 
Discharge criteria met?:    □ 
If not why not:…. 
  
  
-Good pain control with oral analgesia □ 
 -Tolerance of solid food   □ 
 -Independently mobile    □ 
 -Normal or decreasing serum bilirubin □ 
 -Patient willing to be discharged  □ 
 
 
Post-op day 28 
 
EQ5D: □ 
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Summary Sheet 
 
Date of operation:  ......../......../........ 
 
Operation performed: 
 
Date discharge criteria met: ......../......../........ 
 
Actual discharge date: ……/……./…… 
 
PLoS: ........................days 
 
Time to first oral intake post-op ................hrs 
 
Time to mobilisation post-op  ................hrs 
 
Days in level 3: ……. 
 
Days in level 2: …… 
 
Days in level 1: …… 
 
Days in level 0: ……. 
 
EQ5D:  
 Pre-op □ 
 Day 2 □ 
 Day 3 □ 
 Day 5 □ 
 Day 7 □ 
Day 10 □ 
Day 14 □ 
 Day 28 □ 
 
POMS   3 □ 5 □  8  □ 15  □ 
 
Patient Satisfaction Questionnaire  □ 
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Blood continuation sheet: 
 Pre-op 6 hrs 24 hrs 48 hrs 72 hrs 
PT      
APTT      
INR      
Hb      
WCC      
Plts      
ALT      
ALP      
Bili      
Insulin      
Cortisol      
CRP      
Glucose      
IL-2      
IL-4      
IL-6      
IL-8      
IL-10      
GM-CSF      
Interferon 
γ 
     
TNF-α      
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CD-3      
CD-4      
CD-8      
CD45 
RO 
     
HLA-DR      
CD-56      
CD-16      
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Appendix	  5	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Appendix	  6	  
Anaesthetic Protocol For Liver Resections 
Anaesthesia 
 
 Propofol   2-4 mg/kg 
 Fentanyl   2-3 µg/kg 
 Cisatracurium 0.15-0.3 mg/kg 
 Frusemide   0.5-1mg/kg 
 Vit k 10mg in theatre and usual vit k protocol post op (see below) 
. 
Antiemetics 
 
 Cyclizine   50 mg 
 Ondansetron  4 mg 
 
Antibiotics 
 
 Cefuroxime   1.5 g (plus 2 doses post op) 
Metronidazole 500 mg (plus 2 post op doses) 
 
Epidural  
 
 Inserted at T 6-10 
 10mls 0.125% levobupivicaine before start of surgery 
Infusion of 0.1% levobupivicaine and 2mcg/kg fentanyl started in theatre 30 
mins after bolus dose at 5-10 ml/hr. 
 
Lines 
 
Central venous pressure, arterial line and urinary catheter 
 
 Keep patient warm with Bair Hugger (temp >36 C) 
 
Intraoperative drugs 
 
Remifentanil   0.05-0.1 mcg/kg/min 
Phenylephrine  0.05-0.20 mcg/kg min. To keep SBP>80 or 
MAP>55mmHg 
GTN   1-5 ml/hr to reduce CVP 
60-80% oxygen/air with Sevoflurane (ET MAC 0.5-1.5) 
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Reversal 
 
 Neostigmine  2.5-5.0mg 
 Glycopyrrolate 0.5-1mg 
 
Post Op 
 
 Clexane   20-40mg sc 
 Omeprazole  20mg po      
 
Patients admitted to level II ICU bed for further management. 
Vit K protocol 
 
 Morning post op if: 
  INR< 1.5 write up Clexane for evening dose 
  INR >1.5 but <2.0. Give 10mg vitamin K and omit Clexane 
  INR >2.0 give 1 adult dose of FFP and omit Clexane 
Protocol continues until INR <1.5 
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Appendix	  7	  
Intravenous Fluid Protocol 
 
Standard Treatment: 
 
At the completion of liver resection: All patients to be given 1000mls Hartmann’s soln 
plus additional fluid at the anaesthetists discretion. Maintenance fluids of Hartmann’s 
solution at 1-3 ml/kg/hr to be written up. Further fluids and vasopressors to be used 
at choice of ICU consultant/resident. Need to keep record of all fluids and 
vasopressors used. 
 
Enhanced Recovery Protocol 
 
At the completion of liver resection: All patients to start using the GDT protocol using 
the stroke volume change on the ‘Lidco Rapid’. First 1000 ml to be used of fluid is 
Hartmann’s solution, thereafter Volulyte solution to be used to maintain maximum 
stroke volume. Once 6-hour protocol is finished, maintenance fluid of 1-2ml/kg/hr 
Hartmann’s solution to be used.  
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Appendix	  8	  
Protocol	  for	  stroke	  volume	  optimisation	  with	  LiDCOrapid®	  and	  Volulyte®	  6%	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Appendix	  9	  
Analgesic Protocol For Liver Resection Trial 
 
Standard Treatment 
 
1. Thoracic epidural sited in theatre and run according to anaesthetic 
protocol 
2. Infusion of 0.1% chirocaine plus 2mcg/kg fentanyl run as per RSCH 
protocol at 0-15 ml /hr. 
3. Epidural managed by Pain Team. 
4. Analgesia (paracetamol, codeine phosphate, tramadol and voltarol written 
up as prn drugs. 
5. Usual RSCH pain chart to be filled in until discharge. 
6. Need to record all additional analgesia being given on daily basis 
 
Protocol Treatment 
 
1. Thoracic epidural sited in theatre and run according to anaesthetic 
protocol 
2. Infusion of 0.1% chirocaine plus 2mcg/kg fentanyl run as per RSCH 
protocol at 0-15 mls /hr. 
3. Epidural run by Pain Team and removed in morning 2 nights after surgery, 
together with urinary catheter at 9am. Two hours prior to epidural removal 
3mg Diamorphine in 3mls saline to be administered down epidural 
catheter as bolus injection. 
4. Night before epidural removed the following regular medication be written 
up and started: 
a. Paracetamol 1g bd 
b. Tramadol  50 mg tds 
c. Voltarol 50 mg bd/tds (if serum creatinine below 110 mmol/l. 
5. RSCH pain chart to be continued until discharge  
6. Need to record all additional analgesia being given on a daily basis. 
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Appendix	  10	  
Enhanced Recovery in Liver Resection patients 
- mobilisation protocol 
	  
For patients randomised to the ‘enhanced recovery’ arm of the trial:- 
 
Day 0 (day of surgery) 
- Patient arrives from theatre to level 2 – extubated, epidural in situ 
- Goal directed fluid therapy for 6 hrs post-op using LiDCO Rapid 
- Encouraged to drink and eat 
- Epidural for analgesia 
- Encouraged to perform breathing exercises and, if able, sit out in      chair. 
 
Day 1 
- Should be tolerating oral diet 
- IVI stopped 
- Epidural for analgesia. Evening of day 1 commence oral analgesics in preparation for 
removal of epidural on the morning of day 2 
- Patient should be out of bed. 
- Seen by physios in am for marching on the spot 
- Seen by physios again in the pm for marching on the spot 
 
Day 2 
- Epidural out in the morning 
- Regular oral analgesics for pain relief, with oramorph prn for breakthrough 
- Urinary catheter out at same time 
- Seen by physios for full mobilisation (walking on ward) and assessment for discharge 
from physio care. 
 
For patients randomised to the ‘standard care’ arm of the trial:- 
Proceed with current care given to all liver resection patients – no new changes. 
	  
